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THE  DISEASES  OF  THE  SWEET  PEA* 

BY  J.  J.  TAUBENHAUS 


THE  HOST 

TAXONOJ^IY  AND  BOTANY 

The  sweet  pea  (Latliyrus  odoratiis  L.)  belongs  to  the  family 
Leguminosae,  the  sub  family  Papiliouaeeae,  the  tribe  Vieieae.  The 
s^\eet  pea  (Lathyrus  odoratus  L.)  is  a herbaceous  vine  with  rough 
stems,  hairy  and  winged.  The  leaves  are  alternate,  piunately  com- 
pound with  terminal  tendriliform  leaflets.  The  leaflets  are  oval  or 
oblong,  mueronate.  Peduncles  2-1  flowered,  much  longer  than  the 
leaves.  The  calyx  teeth  are  broad,  longer  than  the  tube.  The  flowers 
are  large,  and  showy  in  shades  of  blue,  red,  yellow  and  white.  The 
standard  is  large,  expanded,  hooded,  or  wavy.  The  legumes  are  com- 
pressed, linear,  1-3  inches,  hairy.  The  seeds  are  round,  sometimes 
angled,  black,  white  or  mottled. 

HISTORY  OF  THE  SWEET  PEA 

Origin,  Improvonent  and  Distribution^**.  The  word  “Lathy- 
rus” is  from  the  Greek  La.  la  (augmentative!  and  thouros,  anything 
exciting,  having  reference  to  the  qualities  of  seeds  of  certain  species. 
In  Europe  the  species  of  Lathyrus  are  known  as  “Gesse,  ” the  sweet 
pea  being  known  as  Gesse  odorante.  The  French  know  the  plant  under 
this  name,  or  as  Pois  Odorante,  or  Pois  de  Senteur.  ” 

The  earliest  mention  of  the  sweet  pea  is  found  in  “Sillabus  Plant- 
arum  Sicillse-nuper  detectarum  a P.  F.  Franeiscus  Cupani” 
(Panormi,  1695).  The  sweet  pea  is  spoken  of  as  “Lathyrus  distoplat- 
j"phyllos  hirsutis  mollis,  magno  et  peramoeno  flore  odore.”  Father 

*Also  presented  to  the  Faculty  of  the  Graduate  School  of  the  University  of 
Pennsylvania,  June  1913,  as  a major  thesis  in  partial  fulfillment  of  the  require- 
ments for  the  degree  of  Doctor  of  Philosophy. 

Acknowledgements. — The  writer  is  indebted  to  Dr.  John  W.  Harshberger, 
under  whose  direction  the  work  was  conducted,  for  helpful  suggestions  and  crit- 
icisms. Acknowledgements  are  also  due  to  Dr.  T.  F.  Manns  for  helpful  sugges- 
tions and  advice.  Thanks  are  also  due  to  the  many  American  seedsmen  for  finan- 
cial support  in  carrying  out  the  fiehl  experiments. 

**A11  references  will  be  found  on  pp.  8^o  93. 
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Cupani  was  very  enthiisiastic  about  this  flower  and  in  1699  sent  seed 
to  Dr.  Uvedale  at  Enfield,  England,  and  to  Casjiar  Commelin  at  Am- 
sterdam, Holland.  Commelin  described  and  illustrated  the  plant  in 
his  “Hort.-Medici  Arastelodamensis”  (1697-1701).  Commelin  also 
adopted  Cupani ’s  name  for  the  plant. 

In  his  “Almagesti  Botanici  Mantissa”  (1700)  Dr.  Leonard 
Plukenet  also  gives  a description  of  the  sweet  pea.  A dried  specimen 
preserved  in  Plukenet ’s  Herbarium,  which  now  forms  part  of  Sir 
Hans  Sloane  collection,  is  the  oldest  specimen  of  the  sweet  pea  in  ex- 
istence. 

Mention  is  made  of  the  sweet  pea  by  Petiver  in  the  “Botanicum 
Hortense  III”  (1713).  Petiver  calls  the  plant  Lathyrus  Siculus,  a 
native  of  Sicily  which  has  large  broad  sweet  smelling  flowers.  H.  B. 
Ruppii  in  ‘‘Flora  Jenensis”  (Frankfort,  1718)  places  Lathyrus 
Siculus  Ravini  in  a class  of  plants  with  irregular  flowers.  It  is  thus 
seen  that  all  authorities  place  Sicily  as  the  home  of  the  sweet  pea. 

Linnteus,  1753,  in  his  great  ‘‘Systema  Plantarum  Europe,” 
classifies  the  sweet  pea  as  follows : 

“Odoratus  II.  Lathyrus  pedunculis  bifloris,  eirrhis 
diphyllis,  folds  ovato-oblongis,  leguminibus  hirsutis.  Hort. 

Cliff.  368,  Hort.  Upsal.  216,  Roy.  lugd.  363. 

‘‘Siculus  a.  Lathyrus  Siculus.  Rupp,  jen.,  210 
Lathyrus  distoplatyijhyllos  hirsviitis  mollis,  magno  et  per- 
amoeno  flore  odoro.  Comm.  Hort.  2,  p.  219,  t.  80. 

‘‘Zeylanicus  b.  Lathyrus  Zeylanicus.  Odorato  flore  amcene 
ex  albo  et  rubro  vario.  Burm.  Zeyk,  138. 

“Habitat:  a.  in  Sicilia;  b.  in  Zeylona. ” 

Here  then  is  the  first  use  of  the  term  “odoratus”  as  a distinctive 
name. 

Kniphof  in  his  “Botanieo  in  originali”  (1757-1763)  gives  a col- 
ored illustration  of  Painted  Ijady  sweet  pea.  In  the  catalog  of  W. 
Malcolm  (1778),  seedsman  of  Kensington  Turnpike,  we  find  offered 
for  sale,  white,  purple  and  Painted  Lady  sweet  peas.  The  first  evi- 
dence of  improvement  is  noticed  in  the  catalog  of  John  Mason  (1793). 
He  offered  black,  purple,  scarlet,  white  and  Painted  Lady  sweet  peas. 
Between  1845  and  1849  the  fiian  of  Messrs.  J.  Carter  & Co.  introduced 
a new  striped  sweet  pea  and  a new  large  purple  sweet  pea.  In  1850 
Messrs.  Nobel,  Cooper  and  Bolton  introduced  a new  large  dark  pur- 
ple variety.  In  1860  Mr.  Carter  offered  several  new  varieties  of  sweet 
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peas.  In  James  Vick’s  “Illustrated  Catalog  and  Flower  Guide” 
(1870),  nine  varieties  of  sweet  peas  are  mentioned. 

Beginning  with  1880,  great  strides  have  been  made  in  the  im- 
provement of  'the  sweet  pea  in  England.  Thomas  Laxton  and  Henry 
Eekford  (about  1880)  were  the  moving  spirits.  Mr.  Laxton  intro- 
duced several  new  varieties  obtained  by  crossing.  Mr.  Eekford  was 
responsible  for  one  hundred  and  fifteen  new  varieties.  In  America, 
Edward  Sayers  in  his  book  “The  American  Flower  Garden  Com- 
panion” Boston,  1838),  gives  a list  of  five  varieties  of  sweet  peas.  Of 
the  American  pioneers  and  breeders  of  the  sweet  pea,  those  who  should 
be  mentioned  are  D.  M.  Ferry  & Co.  who  in  1889  introdued  the 
Blanche  Ferry;  W.  Atlee  Burpee  & Co.,  Messrs.  C.  C.  Morse  & Co., 
J.  C.  Vaughn  and  Peter  Henderson. 

During  the  first  one  hundred  years  of  sweet  pea  culture  only  three 
varieties,  or  colors,  were  known,  i.  e.,  purple  with  blue  wings,  pale  red 
with  white  wings  (Painted  Lady)  and  white.  The  black  and  the  scar- 
let appeared  in  the  last  years  of  the  eighteenth  century.  At  the  pre- 
sent time  there  are  more  than  a hundred  and  fifty  varieties  in  cultiva- 
tion with  promising  new  ones  appearing  every  year.  This  shows  the 
great  popularity  of  the  sweet  pea  and  the  extent  to  which  it  is  grown. 
Whenever  a crop  is  grown  extensively  and  for  a long  time  under  cer- 
tain soil  and  climatic  conditions,  as  is  the  sweet  pea,  diseases  are  sure 
to  appear,  making  it  difficult  for  the  crop  to  succeed  uidess  precau- 
tionary measures  are  taken.  The  cultivation  of  the  sweet  pea  in  Eng- 
land is  at  a crisis,  the  disease  factor  being  the  one  obstacle  to  its  cul- 
tivation. In  America  sweet  pea  growers  are  confronted  with  several 
important  diseases. 


ECONOMIC  IMPORTANCE 

I have  been  unable  to  obtain  statistical  data  concerning  the  sweet 
pea  crop.  Messrs.  C.  C.  Morse  & Co.  furnished  us  with  the  following 
information : 

“Your  favor  of  the  8th  inst.  was  duly  received  and  I shall  be  very 
glad  to  answer  the  questions  you  have  asked,  as  well  as  I can. 

“However,  our  Sweet  Peas  will  be  practically  a failure  this  year 
and  my  statistics  will  apply  only  to  past  seasons,  probably  more  ac- 
curately to  the  crop  of  1911,  which  was  the  best  we  have  had  in  recent 
times.  Even  last  year’s  crop  was  very  poor. 
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1.  So  far  as  seed  is  concerned,  the  Sweet  Pea  crop  is 
worth  about  $250,000  annually  to  the  grower. 

2.  There  are  about  1700  acres  of  land  planted  to  Sweet 
Peas  for  seed  in  California  annually.  I have  no  knowledge 
of  what  acreage  is  devoted  to  flowers  for  market. 

3.  Practically  no  Sweet  Pea  seed  is  imported  and  about 
one-half  of  the  California  acreage  is  exported. 

4.  Fully  90  per  cent,  of  the  export  business  is  done  with 
Great  Britain;  the  balance  with  Holland,  Germany  and 
France. 

5.  No  other  country,  so  far  as  we  know,  produces  Sweet 
Pea  seed  to  amount  to  anything. 

Respectfully  yours, 

C.  C.  MORSE  & CO.” 

According  to  Bailey,,  California,  in  1902,  supplied  the  world’s 
market  with  125  tons  of  sweet  pea  seeds.  As  a cut  flower  the  sweet 
pea  is  a great  favorite  and  is  extensively  grown  for  that  purpose. 

CULTIVATION  AND  CARE 

In  this  connection  we  will  consider  only  those  points  of  culture 
which  directly  influence  the  disease  factor. 

Climate.  The  sweet  pea  does  best  in  a temperate  region.  It 
will  not  stand  too  warm  a climate,  as  the  plants  there  soon  dry  up 
and  die,  or  they  are  so  weakened  as  to  succumb  readily  to  all  sorts  of 
fungous  diseases.  California  seems  to  he  its  ideal  home,  nevertheless 
the  sweet  pea  is  known  to  thrive  under  various  climatic  conditions.  It 
is  less  susceptible  to  cold  than  to  heat  and  in  hot  dry  climates  irri- 
gation is  essential. 

Site.  The  sweet  pea  requires  an  open,  sunny  location  so  as 
to  get  plenty  of  light  and  air.  Plants  grown  in  too  shady  a place 
will  be  spindly,  weak,  and  open  to  the  attacks  of  diseases. 

Soil.  All  light  sandy  soils  should  be  avoided  for  the  reason 

already  referred  to  above.  A good  loamy  soil  is  preferred  provided, 
of  course,  its  subsoil  is  well  underdrained,  otherwise  the  plants  will 
grow  poorly  and  be  constantly  open  to  the  attacks  of  disease. 

Fertilizer.  In  order  to  be  at  their  best,  sweet  peas  must  be 
provided  with  sufficient  available  plant  food  in  the  soil.  However, 
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fertilizers  should  be  used  very  judiciously.  The  aim  should  be  to  apply 
a food  that  is  well  balanced,  i.  e.,  it  should  contain  the  proper  amount 
of  nitrogen,  phosphorus,  potash  and  lime.  Too  much  of  one  of  these 
elements  and  too  little  of  the  other  will  produce  disturbances  in  the 
metabolism  of  the  plant  as  will  be  seen  later  under  the  discussion  of 
physiological  diseases.  For  an  ordinary  garden  land,  the  following 
is  a well  balanced  fertilizer  devised  by  Prof.  T.  P.  Manns  of  the  Del. 
Expt.  Station.  Before  plowing  a surface  application  of  well  rotted 
manure  at  the  rate  of  6 tons  per  acre  is  first  applied  to  the  soil.  After 
plowing  and  harrowing  the  soil,  it  is  furrowed  and  5 tons  of  rotted 
manure  per  acre  is  applied  in  the  furrows.  The  manure  is  worked  in 
deep  with  a spade  and  the  following  fertilizer  is  applied  in  the 
furrow's : 


^Sodium  nitrate 

200 

lbs. 

Dried  blood 

250 

lbs. 

Acid  phosphate 

1200 

lbs. 

Potassium  sulphate 

240 

lbs. 

Rock  phosphate 

400 

lbs. 

Hydrated  lime 

200 

lbs. 

Carbonate  of  lime 

600 

lbs. 

The  fertilizer  is  w'ell  mixed  up  wdth  the  soil  and  the  seeds  are 
planted  on  top  and  covered  to  a depth  of  about  two  to  three  inches. 

Care  of  the  Seeds  and  Depth  of  Sowing.  Most  of  the  white- 
seeded  varieties  are  subject  to  decay  in  the  soil.  Most  of  the  black- 
seeded  varieties  are  more  resistant  to  soil  decay  but  they  do  not  ger- 
minate evenly.  In  order,  therefore,  to  hasten  germination,  it  is  ad- 
visable to  place  the  seed  in  tepid  water  over  night.  With  this  treat- 
ment the  seeds  swell  and  are  ready  to  be  sown  the  next  day.  The  Rev. 
W.  T.  Hutchins,  a w'ell-known  sw'eet  peas  specialist  in  America,  advises 
the  placing  of  the  seed  in  moist  earth  for  seven  or  eight  days.  They 
are  then  taken  out  and  examined.  The  swollen  seeds  are  planted  and 
the  hard  seeds  cut  with  a knife  to  hasten  germination.  Whatever 
method  is  used  the  aim  should  be  to  hasten  germination  in  order  to 
prevent  the  seed  from  laying  too  long  in  the  ground  and  thereby  caus- 
ing decay.  The  depth  of  sowing  the  seeds  varies  from  two  to  three 
inches  according  to  the  nature  of  the  soil.  As  to  distance,  five  feet 

*This  mixture  was  recommended  for  a very  heavy  acid  soil  deficient  in  or- 
ganic matter. 
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apart  between  tlie  rows  and  three  inches  in  the  row  will  insure  the  de- 
sired amount  of  air  and  light. 

Care  of  the  Growing  Plants.  Frequent  cultivations  with  the 
hoe  or  with  the  cultivator  will  ])rovide  sufficient  aeration  of  the  roots 
to  insure  a vigorous  growth  of  the  vine.  It  is  in  baked  and  ill-drained 
soils  that  saproi)hytic  fungi  assume  the  nature  of  semi  parasites,  since 
it  is  in  these  soils  that  the  plants  are  often  weak  and  consequently 
yield  readily  to  the  attacks  of  disease.  IMoreover,  frequent  cultivations 
destroy  the  weeds  which  may  act  as  disease  carriers  or  disease  trans- 


A convenient  way  of  trailing  sweet  peas 


mitters.  Irrigation  wherever  possible  will  no  doubt  benefit  the  plants, 
but  irrigation  should  not  replace  cultivation.  The  plants  should 
be  kept  free  from  the  insect  and  the  fungus  pests.  This  will  be  dis- 
cussed under  methods  of  control.  With  the  sweet  pea,  contrary  to 
many  other  fiowering  plants,  the  blooms  should  be  gathered  freely  as 
the  more  we  do  this  the  longer  the  vines  will  continue  to  flower. 
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SWEET  PEAS  UNDER  GLASS 

The  following  notes  on  cultivation  are  by  Mr.  AYilliam  Sim,  Clif- 
tondale,  Mass.,  and  are  extracted  from  a paper  read  by  him  before 
the  Gardeners’  and  Florists’  Club  of  Boston  on  April  21,  1908: 

“To  grow  the  sweet  pea  to  perfection  under  glass  you  must  have 
a greenhouse  suitable  for  the  purpose.  It  should  be  at  least  eight  feet 
high  on  the  sides,  four  and  a half  feet  being  glass.  Aly  houses  are 
seven  feet,  and  I find  the  side  rows  strike  the  glass  when  the  vines  are 
about  half  grown,  thereby  giving  me  half  a crop.  Aly  center  rows  are 
about  right ; they  are  twelve  to  fifteen  feet  high.  The  higher  the  vines 
grow  the  more  and  better  flowers  you  get.  We  plant  the  rows  five 
feet  apart  and  in  a line  with  the  supports  of  the  greenhouse.  The  up- 
rights are  twelve  feet  apart,  so  in  supporting  we  run  twine  from  one 
support  to  the  other  on  each  side  of  the  row.  This  I have  found  the 
best  method  of  supporting.  I have  tried  wire  netting;  it  is  only  a 
nuisance,  as  the  vines  do  not  cling  to  the  wire,  which  causes  just  as 
much  tying  as  if  it  were  not  there.  It  also  causes  injury  many  times 
to  the  vines,  as  a sweet  pea  stretches  many  times  more  than  a foot  in 
developing;  if  held  back  by  anytbing  in  growing  the  growth  looks 
like  a spiral  spring,  and  the  picking  of  the  blooms  is  made  very  dif- 
ficult. The  side  rows  are  planted  five  feet  from  the  sides  of  the  house ; 
and  all  the  heating  pipes  are  on  the  sides.  The  vines  are  very  suscep- 
tible to  red  spider  and  as  they  will  not  stand  syringing,  the  further 
you  can  afford  economically  to  have  them  from  the  pipes  the  better. 

“We  have  not  changed  the  soil  in  the  houses  since  they  were  built 
four  and  five  years  ago,  and  we  find  the  vines  are  getting  more  vig- 
orous each  jmar.  In  the  same  soil  a crop  of  tomatoes  and  of  violets 
is  harvested  each  year.  The  soil  was  originally  eighteen  inches  deep, 
but  by  the  application  of  manure  each  year  the  depth  is  now  two  and 
a half  feet.  The  tomato  crop  is  on  the  wane  the  middle  of  August. 
When  these  are  cleaned  out  we  trench  the  house  over  as  deep  as  the 
soil,  bringing  the  bottom  soil  to  tbe  surface.  In  the  bottom  of  the 
trench  we  put  three  inches  of  decomposed  cow  manure ; one  foot  from 
the  surface  we  put  on  three  inches  more  of  the  same  material.  The 
house  is  allowed  to  remain  in  this  state  until  nearly  time  for  sowing 
the  seed.  The  soil  is  then  usually  very  dry,  so  we  dampen  it  down 
enough  to  cling  together  while  the  house  gets  another  forking  over. 
This  time  we  go  down  one  foot  and  mix  the  top  layer  of  manure  with 
the  surface  soil.  We  then  make  the  surface  as  nearly  level  as  pos- 
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sible  and  'thoroughly  water  the  soil,  giving  enough  to  penetrate  the 
entire  mass,  with  a strong  dose  of  liquid  horse  manure.  In  about 
three  days,  depending  on  the  w^eather,  the  house  will  be  ready  to  plant. 
We  sow  'the  seeds  about  one  and  a half  inches  apart.  We  make  the 
drills  one  inch  deep  and  do  not  allow  more  than  one  inch  of  soil  over 
them.  We  do  not  pull  any  more  soil  toward  the  roots,  as  is  often 
recommended,  but  let  it  remain  level.  If  more  soil  is  pulled  around 
the  base  of  the  plant,  stem  rot  is  sure  to  follow.  We  do  not  water  the 
plants  again  until  they  are  up  about  three  inches. 

“Of  course,  you  can  grow  them  on  a bench  with  a few  inches  of 
soil,  but  the  results  will  be  just  what  you  make  them — a weak  growth 
and  a crop  of  short-stemmed  flowers.  These  soon  play  out,  as  there  is 
not  enough  soil  or  food  for  the  vines  to  live  on. 

“They  may  be  made  to  flower  any  time  you  wish  by  increasing 
the  temperature,  but  the  best  results  are  obtained  by  growing  at  a 
temperature  just  above  freezing  until  the  buds  can  be  felt  in  the 
crowns  of  the  plants.  Then  the  temperature  should  be  gradually  in- 
creased, say  one  degree  a night,  until  you  reach  48  degrees.  This,  I 
think,  is  about  right,  although  in  midwinter  I think  they  move  a little 
better  at  50.  As  the  days  lengthen  a little  cooler  temperature  seems 
to  suit  better.  A rise  of  10  to  15  degi-ees  should  be  given  during  the 
day  in  sunny  weather.  In  spells  of  cloudy  weather  55  degrees  is  high 
enough  during  the  day.  If  a high  temperature  is  given  in  dark 
weather  the  growth  gets  soft  and  wilts  when  the  sun  comes  out  bright 
again.  While  the  plants  are  young  they  should  be  regularly  fumigat- 
ed so  there  will  not  be  a sign  of  lice  when  the  plants  commence  to 
flower.  If  they  are  clean  at  this  stage  it  will  not  be  necessary  ■to  fumi- 
gate while  they  are  in  bloom.  It  is  impossible  to  sell  sweet  peas  that 
smell  of  'tobacco.  Tobacco  also  bleaches  the  flowers  of  some  varieties, 
and  makes  them  look  like  some  other  variety. 

“We  sometimes  hear  of  someone  having  trouble  with  the  buds 
dropping.  This  is  more  the  case  in  midwinter  than  at  any  other  time, 
and  is  caused  by  a too  cool  temperature  or  a sudden  chill,  or  too  much 
water.  Should  a house  be  allowed  to  go  near  the  freezing  point  in 
midwniter  the  wholesale  dropping  of  buds  will  be  sure  to  follow.” 
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DISEASES  OF  THE  SWEET  PEA 

f HISTORICAL 

The  literature  ou  the  subject  of  sweet  pea  disease  previous  to  190G 
is  mostly  of  a fragmentary  nature.  In  1896  Cuthbertsong  first  reeoriLs 
a bud  and  blossom  drop  of  the  Cupid  sweet  pea  in  Scotland  attributing 
the  cause  to  cold  and  damp  weather  at  that  time. 

In  1906,  Massee^  gave  the  first  brief  scientific  account  of  some 
sweet  pea  diseases,  mentioning  the  following  fungi ; Peronospora  tri- 
foliorum,  P.  viciae,  Erysiphe  polygoni,  and  Ascoehyta  pisi. 

In  1906,  Westoiig  was  first  to  describe  the  “Streak”  as  a new  dis- 
ease of  the  sweet  pea  in  England  (the  cause  not  given) . In  1907,  Wes- 
tong  again  calls  attention  to  the  serious  nature  of  the  “Streak.” 

In  1907,  an  anonymous  notOg  mentions  the  following  diseases : 
eelworm  (Tylenehus  devastatrix  and  obtusa),  Peronospora  trifolio- 
rum,,  sclerotia  of  some  species  of  Sclerotinia,  Erysiphe  martii,  and 
Botrytis  cinerea. 

In  1909,  in  a brief  note,  Massee^  also  mentions  the  “Streak”  dis- 
ease which  he  thinks  is  induced  by  an  excess  of  manure  in  the  soil. 
This  excess  produces  a deleterious  effect  on  the  soil  flora  which  in  turn 
brings  about  physiological  disturbances  resulting  in  the  “streak.”  In 
1912,  Massecg  again  mentions  a disease  of  sweet  pea  seedlings  and  of 
other  plants  as  due  to  Thielavia. 

In  the  same  year  (1912)  Chittendeiig,  before  the  London  Sweet 
Pea  Society  and  in  an  article  in  the  Royal  Horticultural  Society  Jour- 
nal reports  on  the  “Streak”  disease,  which  according  to  him,  was 
found  to  be  due  to  Thielavia  basicola. 

In  1912,  W.  Dykejg,  an  amateur  scientist  and  gardener,  calls 
attention  to  the  “streak”  disease  which  he  believes  is  induced  by  a 
species  of  Fusarium  and  Macrosporium.  It  will  be  seen  from  the 
above  reference  that  the  only  ones  of  scientific  importance  are  those 
of  jMassee  and  Chittenden,  because  both  of  these  investigators  base 
their  facts  on  research.  However,  as  it  will  be  shown  later,  both 
Massee  and  Chittenden  mistook  Thielavia  as  the  cause  of  the. “Streak” 
disease. 

In  American  literature,  SheldoUii  was  the  first  one  to  call  atten- 
tion to  the  anthracnose  of  the  sweet  pea  (domerella  rufomaeulans.) 

The  diseases  of  the  sweet  pea  have  received  no  other  attention  at 
the  hands  of  American  plant  pathologists. 
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For  the  past  three  years  the  writer  has  been  investigating  the  dis- 
eases of  the  sweet  pea,  and  as  a result  three  papers  have  already  been 
publishedi2- 

It  is  the  purpose  of  the  present  thesis  to  bring  together  all  the  re- 
sults obtained  in  my  investigations.  The  subject  is  by  no  means  ex- 
hausted, as  yet,  and  we  hope  to  devote  many  more  years  to  the  study 
of  the  diseases  of  the  sweet  pea. 

THE  DISEASES  OF  THE  SWEET  PEA 

The  diseases  treated  in  this  thesis  are  as  follows : 

I.  Fungous  Diseases. 

II.  Bacterial  Diseases. 

III.  Physiological  Diseases. 

IV.  Animal  or  Insect  Pest  (Of  the  animal  pests  I will  only  con- 
sider the  Heterodera  raclieicola  and  will  discuss  it  under  “root  dis- 
eases.” Of  the  insect  pests  I will  only  consider  the  green  aphids  and 
these  will  be  discussed  in  relation  to  the  “mosaic.” 

L Fungous  Diseases 

A.  Root  Diseases. 

B.  Diseases  of  the  Aerial  Parts  of  the  Plants. 

C.  Diseased  Seeds. 

A.  Root  Diseases 

All  root  troubles  of  the  sweet  pea  are  caused  by  fungi  which  live 
primarily  in  the  soil.  They  can,  therefore,  also  be  designated  as  soil 
diseases.  Diseased  roots  invariably  indicate  an  infected  soil.  All 
soil  parasites  are  not  necessarily  confined  to  'the  roots  of  the  sweet 
pea  only,  as  we  shall  have  occasion  to  show  later.  Of  the  soil  organ- 
isms which  attack  the  roots,  the  following  have  been  investigated : 

Root  rot.  (Thielavia  basicola  Zopf.) 

Root  rot.  Rhizoetonia  (Corticium  Vagum  B.  & C.) 

Root  rot.  (Chaetomium  spirochaete  Patt.) 

Root  rot.  (Fusarium  lathyri  n.  sp.) 

Root  galls  Eel  worms  (Heterodera  radieicola.) 

ROOT  ROT  {Thielavia  'basicola  Zopf) 

Historical)  Synonymy  and  Relationship.  Thielavia  basicola 
belongs  to  the  ascomycetous  family  Perisporiaceae.  The  fungus  was 
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first  described  by  Berkeley  and  Broomeig  in  1850,  who  gave  it  the  name 
of  Torula  basicola ; they  found  it  growing  at  the  base  of  affected  pea 
plants.  The  torula  or  chlamydospore  stage  is  the  most  conspicuous 
and  it  is  abundantly  found  on  the  host.  In  1875,  Zopf^^  found  the 
fungus  on  roots  of  Senecio  elegans  in  Berlin,  and  in  1876,  Sorokin^g 
found  it  on  the  roots  of  Coehlearia  armoraeia  (horse  radish)  in 
Russia,  and  named  it  Ilelminthosporhun  fragile.  Zopf,  however,  made 
a more  thorough  study  of  the  fungus,  and  he  discovered  the  perfect 
stage,  placing  it  in  the  Perisporiaeeae,  creating  a new  genus  Thielavia 
after  Prof.  P.  von  Thielav  of  the  University  of  Berlin. 

In  1886  Saecardo  jg  found  the  same  fungus.  Noting  the  observa- 
tions of  Sorokin,  he  did  not  agree  with  him  in  calling  the  fungus  Hel- 
minthosporium,  and  he  placed  it  in  the  genus  Clasterosporium.  Sac- 
cardo  thus  failed  to  identify  Sorokin’s  Helrninthosporium  fragile  with 
the  chlamydospore  stage  of  Thielavia  and  with  Berkeley  and 
Broome’s  Torula  basicola.  It  was  to  the  credit  of  Sorauei^^  who  dis- 
covered the  relationship  of  these  different  stages  to  belong  to  one  and 
the  same  fiingus.  The  name  of  the  fungus  with  its  synonomy  is  as 
follows : 

Thielavia  basicola  (B.  & R.)  Zopf. 

Torula  basicola  (B.  & R.) 

Ilelminthosporium  fragile  Sor. 

Clasterosporium  fragile  (Sorok.)  Sacc. 

Thielavia  a Parasite  on  Other  Hosts.  The  table  on  page  12  will 
show  the  list  of  hosts  parasitized  by  Thielavia  together  with  the  au- 
thority for  the  same. 

Thielavia  Attaching  Sweet  Peas.  In  1912,  Chittendeiiig  was 
asked  by  the  National  Sweet  Pea  Society  of  England  to  investigate  the 
dreaded  “Streak”  disease  of  the  sweet  pea.  In  his  report  before  that 
society  Chittenden  gives  an  accurate  description  of  the  “Streak,” 
so  that  there  can  be  no  doubt  but  that  he  had  the  disease  well  in  mind, 
that  is,  he  described  it  as  a stem  disease.  Chittenden  found  Thielavia 
basicola  to  be  tbe  cause  of  “Streak”  as  be  states,  “careful  micro- 
scopic examinations  of  the  brown  patches  of  the  roots,  and  one  must 
insist  on  the  need  for  care ; hasty  examination  may  fail  to  reveal  any- 
thing showing  that  they  were  attacked  by  a fungus  wbcih  turned  out 
to  be  Thielavia  basicola.  The  same  fungus  was  present  in  practically 


Name  of  Plant 
Aralia  qniiiquefolia  . . . 
Begonia  rubra  ......... 

“ SP 

Catalpa  speciosa 

Coelilearia  arnioracia  . . . 

Cyclamen 

Gossypinni  lierbaeeum  , 

Lupinns  albns 

Innaria  canadensis  . . . . , 
Nemapliila  aurieulata  . , 
Nicotiana  tabacuin  . . . . , 
(Jnobrychis  crista — galli 

Oxalis  corniculata  

Pisum  sativum  

Phaseolus  vulgaris 

Trigonidla  coernlea  . . . . 

Vigjia  sinensis 

Viola  odorata 

Trifolinm  repens  

Lathyrns  odoratus  


AxUJwrity 

Selby 

Selby 

Zopf 

Selby 

Sorokin 

Sorokin 

Smith,  E.  P. 

Eopf 

Gilbert 

Berkeley  and  Broome 
Selby,  Gilbert,  Clinton 
Zopf 

Gilbert,  Stewart 
Berkeley  and  others 
Zopf 

Smith,  E.  F. 

Thaxter  and  others 
Gilbert  and  Stewart 
Tanbenhaus 


every  ease,  sometimes  abundantly  fruiting,  sometimes  with  only  a few 
spores.  ’ ’ 

I will  show  later  where  Chittenden  has  erred  in  his  investigations, 
and  that  the  “streak”  is  not  a root  but  a stem  disease  which  is  in- 
duced by  a bacterium  and  not  by  Thielavia.  In  every  ease  where 
Thielavia  has  been  reported  as  a parasite  on  other  hosts,  it  has  been 
found  on  the  roots  and  not  on  the  stem.  This  same  holds  true  for  the 
sweet  pea.  Moi-eover,  Chittenden  in  his  artificial  inoculation  with  the 
fungus,  has  succeeded  in  reiiroducing  the  typical  root  rot  and  riot  the 
“streak”  on  the  stems.  Masseejg  too  made  the  same  mistake  as  Chit- 
tenden, for  he  too  considers  Thielavia  to  be  the  cause  of  the  “Streak.” 
I have  seen  the  Tliielavia  root  rot  on  half  an  acre  of  sweet  peas  at  the 
trial  grounds  of  one  of  our  commercial  seed  men.  The  plants  on  that 
infested  area  were  carefully  examined,  and  no  signs  of  streak  could  be 
found  on  the  stems.  On  the  other  hand,  the  trouble  was  seen  to  be 
plainly  localized  at  the  roots. 

Symptoms  of  Tliielavia  Boot  Rot  on  Sweet  Peas.  Plants  seyerely 
infected  have  practically  little  or  no  root  system  since  the  latter  is 
destroyed  by  the  fungus  as.  rapidly  as  the  roots  appear.  (Pigs. 
1 and  2).  Whatever  root  system  is  present  is  of  a stubby  nature  and 


Fig.  1*.  Boot  rot  caused  by  Thielavia.  Contrasting  a healthy  with  a diseased 

plant  of  the  same  age. 

* Figs.  1,  2,  9,  17,  33,  34,  35,  37,  39,  40  and  42,  Eleetrotj’pe,  Gardener’s  Chron- 
icle (England).  Photographs  by  the  author. 
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charred  in  appearance.  The  fungus  sometimes  works  upon  the  stem 
to  a distance  of  two  to  three  inches  above  ground,  but  never  to  the 
extent  of  invading  the  entire  stem.  It  is  probably  due  to  this  that 
some  workers  have  mistaken  this  disease  for  the  well-known  “streak.” 


Fig.  2.  Root  rot  caused  by  Thielavia.  Comparing  root  systems  of  healthy  plants 
with  diseased  plants  of  the  same  age. 
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Sweet  peas  infested  with  Thielavia  have  a dwarfed  and  sickly  appear- 
ance. The  fungus  does  not  seem  to  kill  it,  but  merely  to  produce  an 
arrested  development.  The  infected  plants  are  useless  for  commer- 
cial purposes,  as  they  fail  to  set  flowers. 

Pathogenicity.  Chittenden,(,  seems  to  have  been  unable  to  in- 
fect healthy  sweet  pea  seedlings  with  the  fungus  Thielavia  basicola 
under  normal  conditions  of  growth.  It  was  only  when  his  plants  were 
overwatered  that  the  fungus  became  an  active  parasite. 

In  my  own  inoculation  experiments,  healthy  sweet  pea  seedlings 
have  been  readily  infected  by  placing  a pure  culture  of  the  fungus  on 
the  roots  of  the  plants  growing  in  sterile  soil.  In  two  to  three  weeks 
the  roots  were  thoroughly  diseased.  Overwatering  was  not  found  nec- 
essary to  bring  about  infection,  altbough  sueb  treatment  as  well  as 
injury  to  the  roots  favor  the  fungus  in  its  activity.  Another  method 
adapted  for  proving  the  pathogenicity  of  the  fungus  -was  to  sow  pure 
cultures  of  the  fungus  together  with  sterilized  seed  (seeds  treated  in 
a solution  of  formaldehyde,  5 parts  in  100  of  water  for  1-2  hr.) 
in  sterile  pots  and  soil.  Checks  were  also  sown  with  sterilized  seeds 
in  sterile  pots  and  soil  but  witbout  tbe  fungus.  Six  days  after  sow- 
ing both  lots  of  seeds  germinated  and  both  check  and  infected  seed- 
lings apparently  grew  equally  as  well.  Beginning  with  the  third 
week,  infected  seedlings  ceased  growing,  whereas  the  checks  made  con- 
siderable progress.  After  six  weeks  tbe  infected  seedlings  were  seen 
to  be  decidedly  dwarfed  and  pale  green  in  color  reproducing  the  typ- 
ical symptoms  of  the  disease  as  observed  in  the  field.  The  check  seed- 
lings have  by  this  time  made  decided  growth.  An  examination  of  the 
roots  of  the  infected  seedlings  revealed  a diseased  condition  as  found 
in  the  field,  namely,  absence  of  a well  developed  root  system,  and  a 
blackening  of  the  affected  parts.  The  infection  experiments  were  re- 
peated five  times  always  with  the  same  result.  In  no  case  was  the  Thie- 
lavia seen  to  kill  the  host,  but  in  each  case  a dwarfed  condition  of  tbe 
plant  was  the  result. 

Infection  of  Sweet  Peas  with  Thielavia  from  Other  Hosts.  It 
was  found  desirable  to  determine  whether  there  existed  any  racial 
strains  or  physiological  species  of  Thielavia  basicola.  Accordingly, 
pure  cultures  of  the  fungus  obtained  from  cowpea,  violets,  parsnip  and 
tobacco,  were  inoculated  on  sweet  peas,  using  the  same  method  of  in- 
oculation as  previously  described.  In  connection  with  this  experiment 
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a parallel  series  of  inoculations  was  also  run,  using  the  Thielavia  basi- 
cola  from  the  sweet  pea.  The  results  obtained  were  the  same,  i.  e.  the 
Thielavia  fungus  when  taken  from  other  hosts  than  the  sweet  pea  will 
readily  infect  the  sweet  pea,  thus  showung  the  absence  of  physiological 
strains  or  species. 

MorpJiology  of  Thielavia  basicola.  Our  studies  and  observa- 
tions on  this  fungus  have  brought  out  facts  found  by  other  investiga- 
tors. The  mycelium  of  the  fungus  is  hyalin,  septate  and  branched. 
The  hyphfe  average  from  3-4^  in  width.  The  mycelium  becomes  more 
or  less  greyish  with  age.  There  are  three  kinds  of  spore  forms  pro- 
duced. 1.  Endospores,  so  called  because  they  are  formed  inside  a 
special  thread  of  the  mycelium.  This  is  the  spore  form  that  is  most 
commonly  met  with  in  pure  cultures  of  artificial  media.  The  endo- 


Fig.  3.  Endospores. 

Figs.  4,  .5.  Chlainyclospores  breaking  up  into  individual  spores. 

Fig.  fi.  Cldamydospores,  unbroken. 

Fig.  7.  Ascospores. 

Fig.  8.  Ascus. 

spore  case  is  formed  on  terminal  branches.  It  has  a somewhat  swol- 
len base  and  a long  tapering  cell  (Pig.  3).  The  endospores  are  form- 
ed in  the  apex  of  this  terminal  cell  and  are  pushed  out  of  the  rup- 
tured end  by  the  growth  of  the  unfragmented  protoplasm  of  the  base. 
They  are  hyalin,  thin-wmlled,  oblong  to  linear  10-25iix4-5u. 

The  second  kind  of  spores  formed  are  the  ehlamydospores  (Pigs. 
4-6).  These  are  thick-walled  dark  brown  bodies,  born  on  the  same 
mycelium  as  the  endospores,  and  average  from  20-50«xl0-18'i,  and 
correspond  to  the  Torula  stage  of  Berkeley’s  classification. 
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The  third  kind  of  spores  are  the  ascospores  (Fig.  7.)  These  are 
lenticular  in  shape  12x5^  and  are  born  in  asci  which  in  turn  are  born 
in  spherical  black  perithecia.  We  have  not  as  yet  found  the  asco- 
spore  stage  (Fig.  8)  on  the  alfected  host,  altho  it  is  said  to  appear 
quite  commonly  on  other  hosts  affected  by  this  fungus. 

Peglioiioj  in  1897  was  apparently  the  first  to  grow  the  fungus 
in  pure  culture.  Aderhold22  in  1903  reports  to  have  grown  the  fun- 
gus in  pure  culture.  Clintoiiog  and  Gilberto^  experienced  considerable 
difficulty  in  obtaining  a pure  culture  of  the  fungus,  due  to  the  fact 
that  the  chlamydospores  when  taken  from  old  diseased  roots  fail  to 
germinate  by  being  overrun  with  bacteria.  At  no  time  did  the  writer 
experience  any  difficulty  in  obtaining  a pure  culture  of  Thielavia  from 
diseased  sweet  pea  tissue.  The  following  method  was  adapted  from 
]\ranns25.  Portions  of  the  diseased  roots  are  placed  in  a test  tube  in  a 
solution  of  1-1000  IlgCL  in  a 50  jier  cent,  alcohol  and  thoroughly 
shaken  for  thirty  seconds.  This  will  kill  all  surface  contaminations. 
The  disinfectant  is  then  poured  out  and  the  material  is  rinsed  three 
times  in  sterile  water,  the  object  being  to  remove  all  traces  of  mer- 
curic chloride.  Each  tissiie  fragment  is  then  taken  separately  and 
crushed  with  a sterile  forceps  in  a tube  of  medium  which  has  been  melt- 
ed and  cooled  to  the  proper  temperature.  The  crushed  tissue  is  now 
mixed  with  the  mediinn  in  the  tube,  and  the  whole  poured  into  a petri 
dish.  After  five  or  six  days  a pure  growth  of  the  fungus  appears  in 
the  peti’i  dish.  The  growth  in  this  ease  resulted  from  the  mycelium 
which  has  been  crushed  and  liberated  from  the  deeper  tissue. 

The  fungus  will  grow  ou  a variety  of  media.  It  grows  well  on 
sterilized  vegetable  idugs  as  those  of  potato,  beet,  carrot,  sweet  potato, 
corn  stalks,  and  parsnip  and  particularly  well  on  corn  meal.  Both 
endospores  and  chamydospores  are  produced  on  these  media,  but  in  no 
case  did  I obtain  the  perfect  stage,  although  it  was  often  looked  for. 
Previous  investigators  too  have  never  succeeded  in  obtaining  the  asco- 
spore  stage  on  pure  culture. 

Pathological  Conditions  of  the  Diseased  Host.  Reference  has 
been  previously  made  to  the  fact  that  the  disease  produced  by  Thie- 
lavia is  confined  to  the  root  system.  Infected  plants  have  little  or  no 
root  system  at  all,  or  if  present  it  is  charred  and  invaded  by  the  fun- 
gus. The  question  arises,  how  do  the  plants  persist  such  a long  time 
without  collapsing?  It  was  observed  that  sweet  peas  affected  with 
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Thielavia,  constantly  make  an  attempt  to  produce  new  roots,  but  as 
fast  as  they  are  formed  they  are  invaded  by  the  fungus.  It  is  possi- 
ble, therefore,  that  these  new  rootlets  help  the  host  to  persist  so  long, 
and  yet  not  long  enough  to  enable  it  to  make  any  growth.  It  is  also 
probable  that  there  is  a close  symbiosis  between  host  and  parasite  with 
the  latter  getting  the  upper  hand.  As  far  as  observed  from  cross  sec- 
tions of  that  part  of  the  stem  which  lies  closest  to  the  roots,  the  fun- 
gus is  seen  to  invade  all  parts  of  the  tissue  with  the  exception  of  the 
xyleni  ves.sels.  This  fact,  that  the  fungus  does  not  enter  the  conduct- 
ing vessels  permits  an  upward  movement  of  the  water,  and  this  is  suf- 
ficient to  prevent  the  host  from  dying. 

ROOT  ROT,  Corticium  vagum  B.  & C. 

Historical  data,  European  literature.  The  first  mention  of 
Rhizoetonia  can  be  traced  to  Ouhamelos  who  in  1728  described  a dis- 
ease of  Saffron  (Crocus  sativus).  He  considered  the  sclerotia  to  be  a 
special  plant  and  the  hypha?  its  roots,  and  named  it  Tuberoides.  In 
1782  Fougeroux  de  Bondaroy27  found  asparagus  plants  which  grew 
near  a diseased  saffron  field  to  be  likewise  affected  with  Tuberoides. 
The  first  attempt  to  place  the  fungus  in  a systematic  position  w'as  made 
by  P.  Builliardog  who  referred  it  to  the  Truffles  as  Tuber  parasiticum. 
Persooiiog  placed  it  in  the  Oenus  Sclerotium,  and  called  it  Sclerotium 
erocorum.  De  Candollegg  was  first  to  use  the  name  Rhizoetonia.  He 
at  that  time  distinguished  three  species,  R.  erocorum,  R.  medicaginis, 
and  R.  mali.  Neesgi  in  1817  refers  to  a fungus  disease  of  the  crocus 
which  he  calls  Thanatophytum  erocorum.  From  an  examination  of 
his  figures  there  can  be  no  doubt  but  that  it  is  Rhizoetonia.  In  1830, 
Dubygg  described  a fungus  disease  of  Allium  asealonieum  and  named 
it  Rhizoetonia  allii.  In  1843  Leveillecgg  describes  Rhizoetonia  as  at- 
tacking Rubia  tinetorum,  Solanum  tuberosum,  Phaseolus,  and  other 
plants.  (The  species  of  Rhizoetonia  is  not  stated.)  In  1851  the 
Tulsaneg^  Brothers  placed  all  the  known  forms  of  Rhizoetonia  in  one 
species  which  they  called  Rhizoetonia  violacea.  However,  from  Kuhn’s 
critical  work  a few  years  later,  it  seems  advisable  to  maintain  the  dis- 
tinction between  R.  solani  and  R.  medicaginis.  In  Kukn’sgg  work 
which  was  published  in  1858,  a brief  account  is  given  of  the  smooth 
sclerotia  of  R.  solani  contrasted  with  the  wooly  sclerotia  of  R. 
medicaginis.  Distinction  is  also  made  of  R.  erocorum  and  R.  medi- 
caginis, the  latter  is  stated  to  attack  beets  and  carrots.  In  1903 
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Eriksonjg  concerns  himself  chiefly  toward  the  discovery  of  biologic 
forms  of  the  fungus. 

In  1905,  GussoWgj  described  the  disease  on  potato  and  hicern,  and 
he  considers  E.  solani  and  R.  violaeea  as  one  and  the  same. 

In  1912  ShaWgg  investigated  the  morphology  and  parasitism  of 
Rhizoctonia  with  a view  of  obtaining  a better  understanding  of  the 
supposed  different  species.  Shaw  concludes  that  the  name  R.  violaeea 
should  be  retained  for  all  the  non-fruiting  forms  with  maeroselero- 
tia,  and  the  name  Corticium  vagum  be  given  to  the  fruiting  stage  of 
the  maeroselerotia  of  R.  violaeea,  while  the  forms  with  mierosclerotia 
should  be  identified  as  R.  solani  Kuhn. 

American  Literature  on  Rhizoctonia.  The  American  references 
to  Rhizoctonia  are  as  follows : 

In  1891  Pammelgg  describes  a rot  of  the  beet  root  which  he  at- 
tributes to  Rhizoctonia  betae  Kuhn. 

In  1892  Atkinson^g  found  a sterile  fungus  causing  a damping-off 
of  cotton,  which  he  called  “sore  shin.”  The  fungus  can  no  doubt  be 
referred  to  as  Rhizoctonia.  Later,  Stone  and  Smith^^  give  an  account 
of  a lettuce  disease  due  to  Rhizoctonia. 

In  1901  Duggar  and  Stewart^g  describe  extensively  a list  of  hosts 
attacked  by  Rhizoctonia.  However,  the  species  of  the  fungus  is  not 
given. 

In  1904  Rolfs^g  reports  on  a potato  disease  diie  to  Rhizoctonia,  in 
which  he  found  the  fertile  stage  Corticiiim  vagum  B.  and  C.  Speci- 
mens were  sent  by  Rolfs  to  Dr.  E.  A.  Burt,  who  pronounced  it  a va- 
riety of  Corticium  vagum  B.  and  C.  and  for  which  he  has  suggested 
the  name  Corticium  vagum  B.  and  C.  var.  solani  Burt. 

In  1909  Stevens  and  Ilall^^  described  a disease  of  the  apple,  pear 
and  quince,  which  they  attributed  to  a sterile  fungus  Ilypoehnus  oeh- 
roleuca  Noack.  The  fungus  is  described  as  having  small  sclerotia  and 
there  is  no  doubt  but  that  it  is  a Rhizoctonia.  Several  workers  have 
claimed  to  have  connected  different  fruiting  stages  with  that  of 
Rhizoctonia.  In  1869  Puekel^j  stated  that  the  Ascomycete  Byssothe- 
cium  cireinans  Fckl.  was  the  perfect  form  of  Rhizoctonia,  both  stages 
were  found  on  decaying  stems  of  Medicago  sativa.  PruneEg  also  ob- 
served this  association  of  Rhizoctonia  on  lucern  with  an  ascomycete. 

Hartig^^  found  a Rosellinia  associated  with  a Rhizoctonia  on  the 
roots  of  oak. 
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Prank^s  reports  Phizoctonia  violacea  on  grapes  to  be  associated 
with  Thelephora,  which  he  named  Th.  rhizoctonise.  However,  none  of 
the  above  authors  have  carried  on  any  cultural  work  to  prove  the  val- 
idity of  their  claims,  hence  none  of  the  statements  can  be  accepted 
as  valid. 

Rolfs^g  found  a basidiomycete  associated  with  Rhizoctonia  on 
potato.  Pure  cultures  obtained  from  spores  of  the  basidiomycete 
always  gave  a Rhizoctonia,  thus  proving  definitely  the  relationship  of 
the  two  forms.  Rolfs  basidiomycete  is  already  known  as  Corticium 
vagum  B.  and  C. 

Amencan,  European  and  East  Indian  Hosts  Subject  to  the 
Attacks  of  Bliizoctonia. 

Xamc  of  Host 

Sugar  l)eet Duggar 

bean,  pea “ ,Leveille 

carrot  “ 

celery “ 

cotton “ 

lettuce “ 


potato “ , Leveille,  Rolfs. 

crocus Duhamel,  Bulliard,  Pers. 

asparagus Pougeroux 

a Hum  sp Duby 

lucern Kuhn 

gi'onnd  nut  Shaw 

cowpea “ 

• 4-  i i 

,]Utc 

soybean 

mulberry 

sweet  pea Taubenhaus 


Bliizoctonia  Attacking  Sweet  Peas.  As  far  as  could  be  ascer- 
tained no  mention  could  be  found  in  literature  of  a Rhizoctonia  dis- 
ease of  sweet  peas.  I have  observed  it  during  winters  of  1911  and 
1912  on  greenhouse  specimens  sent  in  by  different  sweet  pea  growers. 
In  the  fall  of  191.3,  diseased  sweet  pea  seedlings  attacked  with  Rhiz- 
octonia  were  collected  in  the  greenhouse  of  the  University  of  Penn- 
sylvania. Prom  correspondence  with  Plant  Pathologists,  A.  D.  Selby 
reports  it  in  Ohio,  W.  G.  Sackett  in  Colorado  and  E.  C.  Stackman  in 
Minnesota.  There  seems  no  doubt  but  that  the  Rhizoctonia  root  rot 
of  sweet  pea  is  much  more  widespread  than  is  reported. 


Symptoms  of  the  Disease.  Severely  infected  plants  have  prac- 
tically no  root  system  (Fig.  9).  In  less  infected  plants  only  one  or  two 
rootlets  may  be  destroyed.  The  fungus  produces  a browning  effect  of 


Fig.  9.  Boot  rot  causeil  Ijy  Bbizoetoiiia.  (A)  healthy.  (B)  diseased. 

the  root  before  total  destruction  sets  in.  In  very  early  stages  of  infec- 
tion the  seedlings  are  seen  to  have  a wilted  appearance ; as  the  disease 
progresses  the  infected  seedlings  fall  over  and  collapse.  The  fungus 
is  not  often  confined  to  the  roots  alone.  It  is  often  seen  to  work  its 
way  up  the  stem  and  this  may  produce  a constricted  area  which  marks 
it  off  from  the  healthy  part.  The  fungus  being  a soil  organism,  it  is 
usually  introduced  with  manure ; infection  can  take  place  at  any  part 
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of  the  roots,  or  at  the  stem  near  the  roots.  When  the  latter  is  the  case 
reddish  sunken  spots  ai-e  observed  at  the  ))ase  of  the  stem.  It  seems 
that  only  yoniig  seedlings  can  be  qnickly  destroyed  by  the  fnngus 
wliereas  older  plants  seem  to  linger  for  considerable  time  altho  such 
plants  remain  dwarfed,  sickly  looking  and  valueless  for  eotnmercial 
pnr])oses. 

Pathogenicity.  The  ])athogenicity  of  Ihe  sweet  pea  Rliizoc- 
tonia  is  readily  proven  ])y  planting  sterilize<l  seeds  in  sterile  soil  and 
pots  which  were  inocnlated  witli  a })nre  codlnre  of  the  fungus.  The 
best  materia]  to  use  is  somewhat  old  cnllni'es  which  have  well  devel- 
oped sclerotia.  It  is  fi’om  the  latter  that  the  fungus  begins  to  vegetate 
and  to  spread  in  the  soil.  Five  pots  were  inoculated  with  the  fungus 
and  two  were  kept  as  checks.  The  checks  germinated  and  grew  well, 
whei'eas  none  of  the  seeds  g(n'minated  in  the  infected  pots  (Fig.  9a). 
In  digging  out  some  of  these  seeds  they  wao'e  found  to  be  invaded  with 
the  fungus  hyplia^  of  the  llhizoetonia.  A j)nre  ctdtnre  may  be  readily 
obtained  Id-om  these  seeds,  thus  proving  that  the  Rhizoctonia  is  a path- 
ogenic organisms.  Young  seedlings  may  likewise  be  infected  by  the 
fungus,  but  as  ali’eady  indicated  older  plants  ai'e  more  resistant  as 
they  can  live  for  some  time  with  the  fungus  on  them. 

Morphology  and  Identity  of  the  hiweet  Pea  Bhizoctonia.  So 
far  as  my  studies  have  gone,  only  two  stages  have  been  found  of  the 
sweet  pea  Rhizoctonia. 

1.  The  Rhizoctonia  stage. — This  consists  of  long  and  narrow 
hyphal  branches  varying  in  color  from  hyalin  to  reddish  brown  (Fig. 
10) . These  hyphae  are  cither  aerial  oi'  ai-e  embedded  in  the  suRstratum, 
varying  according  to  the  Tiiedia  on  which  it  is  grown.  It  is  this  hyphal 
growth  which  is  most  active  in  the  parasitism  of  the  fungus. 

2.  The  Sclerotial  stage. — In  cultures  which  are  from  three  to  four 
weeks  old  numerous  sclerotia  are  formed.  These  sclerotia  are  made 
u]')  of  closely  interwovcTi  short  barrel-shaped  hyphae  (Fig.  11). 

According  to  ShaWr.o  Rhizoctonia  solani  Kuhn  produces  only  mic- 
rosclerotia  while  Corticium  vagum  R.  and  C.  produces  maci*oselerotia. 
After  repeated  attempts  the  corticium  stage  of  the  sweet  pea  Rhizoc- 
tonia could  not  be  obtained  on  artificial  media.  This  accords  with  the 
findings  of  Shaw  and  Rolfs  who  could  not  obtain  the  perfect  stage  on 
culture  media  but  found  it  several  times  on  the  affected  host.  How- 
ever, as  the  sweet  pea  Rhizoctonia  produces  macroselerotia  and  as 
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Fig.  9A.  Foot  rot  causeil  by  Fhizoetoiiia.  To  the  right  the  soil  was  inoculated 
with  the  fungus,  resulting  in  no  germination.  At  the  left  the  soil  was  free  from 
the  fungus,  resulting  in  good  germination. 

already  pointed  out  by  Shaw  the  niacroselerotia  produce  the  Corticium 
stage : the  sweet  pea  organism  is  therefore  referred  to  as  Corticium 
vagum  B.  and  C. 

Pathological  Conditions  of  the  Host.  The  Rhizoetonia  fungus 
when  attacking  other  hosts,  is  known  to  be  confined  primarily  to  the 
cambium  layer  of  the  plant.  \Yith  the  sweet  pea,  conditions  are  sim- 
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ilar.  The  f\;ngus  attacks  the  phloem  of  tlie  bundles  and  makes  its  way 
into  the  parenchyma  cells  as  well  as  to  the  epidermal  cells.  The  ef- 
fect produced  is  loss  of  turgidity,  wilting,  and  early  collapse  of  the 


Fig.  10.  Young  hjphae  of  Ehizoctonia  from  sweet  pea. 

Fig.  11.  Barrel  shaped  hyphae  from  sclerotium  of  the  same  fungus. 

host.  Infection  may  take  place  in  the  base  of  stem  first  and  in  this 
case  the  fungus  invades  both  stem  and  root,  or  it  may  start  at  the  roots 
first,  then  gradually  work  up  to  the  stem.  In  either  case  death  of  the 
seedling  is  a natural  consequence.  In  eases  where  the  roots  are  first 
attacked  by  the  fungus,  the  former  deteriorates  so  rapidly  that  when 
pulling  out  a plant,  it  is  found  to  be  without  any  root  system. 

CHAETOMIUM  ROOT  ROT,  Chaetot)iium  spirochaete  Patt. 

Historical.  In  the  fall  of  1912  Prof.  A.  C.  Beal  of  Cornell  Uni- 
versity sent  me  specimens  of  diseased  sweet  peas  grown  in  the  green- 
house for  diagnosing  the  cause  of  the  trouble.  The  disease  was  readily 
located  in  the  roots.  A fungus  was  found  invading  the  interior  tis- 
sue of  the  latter  but  no  fruiting  stage  of  any  kind  could  be  found 
which  would  help  to  identify  the  fungus.  Crush  cultures  were  made 
at  once  from  the  diseased  tissue,  the  method  employed  being  the  same 


as  that  described  for  Thielavia  basicola.  Some  forty  poi;red  plates 
! of  nutrient  agar  were  made  in  all.  In  5 days  a pure  culture  of  a 
fungus  appeared  in  all  the  plates  with  the  exception  of  one  which 
showed  a Fusarium.  The  cultures  were  watched  closely  and  in  two 
weeks  perithecia-like  bodies  developed  in  abundance  but  no  spores 
were  formed.  The  fungus  proved  to  be  an  ascomycete  belonging  to  the 
genus  Chaetomium,  and  determined  by  Mrs.  Flora  Patterson  as  C. 
spirochaete  Patt.  In  mid-winter  of  that  same  year,  more  diseased 
specimens  were  sent  to  me  from  a florist  in  Illinois.  These  specimens 
showed  the  same  symptoms  as  those  observed  on  Prof.  Beal’s  material 
and  in  this  ease,  too,  the  trouble  was  confined  to  the  roots.  As  pre- 
viously stated,  no  fruiting  stage  was  found  on  the  affected  tissue. 
Cultures  made  from  this  material  gave  a pure  growth  of  Chaetomium 
spirochaete.  A search  through  the  literature  failed  to  show  the  re- 
cord of  any  of  the  known  Chaetomiums  to  be  parasitic  on  living  plants. 
It  is  known  for  instance  that  C.  arachnoides  Massee,  C.  simile  Massee, 
C.  bostrychoides  Zopf  and  C.  murorum  Cda.,  all  grow  on  dung  of 
various  animals. 

Reinke  and  Bertholdji  in  their  studies  of  the  fungous  diseases  of 
the  potato  report  to  have  found  Chaetomium  bostrychoides  Zopf  and 
C.  crispatum  Fckl.  growing  on  rotted  tubers.  The  above  authors 
state  that  when  germinated  spores  are  placed  on  a cut  surface  of  a 
healthy  tuber  they  fail  to  penetrate  the  same,  indicating  the  sapro- 
phytic nature  of  the  fungus.  Its  presence  on  the  decayed  potatoes 
must  have  been  secondary.  The  present  thesis  gives  the  first  record 
of  the  parasitic  nature  of  Chaetomium. 

Patliogenicitii.  The  fact  that  a pure  culture  of  C.  spirochaete 
was  obtained  from  numerous  platings  of  diseased  material  obtained 
from  two  different  states  at  once  led  to  the  supposition  that  the  organ- 
ism was  the  cause  of  the  disease.  In  order,  therefore,  to  test  out  the 
pathogenicity  of  the  fungus,  the  following  experiments  were  tried. 
Out  of  ten  sterilized  pots  and  soil,  five  were  sown  with  sterilized  seeds 
(these  were  soaked  in  a solution  of  formaldehyde,  5 parts  in  100  of 
water  for  one-half  hour)  inoculated  with  a pure  culture  of  the  fungus 
broken  up  in  sterilized  water.  In  the  remaining  five  pots  sterilized 
seeds  were  sown  without  the  fungus  to  serve  as  checks.  Both  lots  of 
seeds  germinated  and  the  seedlings  of  both  the  inoculated  and  the 
cheek  pots  seemed  to  grow  well  for  about  three  weeks.  After  that  time 
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the  seedlings  in  the  inoculated  lots  appeared  to  lose  their  green  color 
and  to  become  paler  and  yellow.  The  infected  plants  could  be  readily 
pulled  out  from  the  soil  and  the  rootlets  appeared  to  be  half  rotted 
by  the  fungus,  whereas  the  check  seedlings  did  not  exhibit  such 
symptoms.  Cultures  made  by  siirface  sterilizing  the  affected  rootlets 
readily  gave  pure  cultures  of  Chaetomium  spirochaete.  The  experi- 
ment was  repeated  once  more  and  this  time,  both  checks  and  inocu- 
lated seedlings  were  watered  frequently,  care  being  taken  to  keep  the 
soil  very  moist  or  even  wet.  This  was  accomplished  by  allowing  the 
dish  to  remain  filled  with  water  in  which  the  pots  stood.  In  this  case 
the  checks  again  remained  healthy,  but  after  three  weeks  the  inocu- 
lated seedlings  had  their  roots  mostly  destroyed  by  the  fungus;  the 
infected  seedlings  could  be  readily  pulled  out  from  the  soil.  This 
time  the  greatest  part  of  the  root  system  was  destroyed.  Cultures 
made  from  parts  of  the  remaining  infected  roots  readily  gave  pure 
cultures  of  the  fungus. 

From  these  experiments  it  is  shown  that  Chaetomium  spirochaete 
altho  ])erhaps  a saprophyte  will,  under  certain  conditions,  assume  a 
parasitic  nature  on  sweet  peas.  It  was  further  shown  that  in  poorly 
drained  soils  the  virulent  nature  of  the  organisms  becomes  more  pro- 
nounced. 

Morphology  and  Ph ysiology  of  the  Fungus.  The  mycelium  of 
the  fungus  is  hyalin,  closely  septate  and  branched  (Pig.  12)  when 
grown  in  the  substratum  of  the  media.  The  aerial  mycelium  consists 
of  long  unbranched  filaments  and  vary  in  color  from  very  light  to 
deep  lemon.  This  seems  to  be  produced  within  the  fungous  hyphae 
and  later  the  yellow  color  is  also  transmitted  to  the  media  in  which 
it  grows. 

Feinke  and  Bertholdgo  report  to  have  found  a conidial  stage  con- 
nected with  C.  crispatum.  In  our  work  we  have  as  yet  not  found  any 
conidial  stage  of  C.  Spirochaete.  As  previously  stated,  we  have  not 
found  any  fruiting  stages  of  the  fungus  on  the  affected  host.  In  pure 
culture  in  artificial  media  perithecia  appear  in  two  weeks  from  the 
time  of  planting  and  in  three  weeks  mature  asei  with  spores  are  also 
formed.  The  perithecia  are  covered  with  darkish  brown  hair-like 
appendages,  thus  giving  it  a bristly  appearance.  The  hairs  are  coiled 
at  the  apex  and  septate  at  different  intervals ; they  are  covered  with 
very  minute  pointed  warts  (Fig.  13).  The  asci  are  very  evanescent 
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Figs.  12-15.  Showing  (12)  mycelium  of  Chaetomium  spirochaete.  13,  hairs.  14 
and  15,  asci.  16,  ascospores. 

and  can  only  be  seen  in  young  cultures.  In  old  cultures  the  ascus 
wall  readily  breaks  so  that  it  is  difficult  to  make  out  the  arrangement 
of  the  ascospores.  There  are  8 ascospores  to  an  ascus  (Fig.  1-1-15). 
The  ascospores  are  apiculate  (Fig.  16)  at  both  ends.  The  wall  of  the 
ascospore  is  smooth,  light  brown  when  young  and  dark  when  old.  The 
ascospores  readily  germinate  in  a sweet  pea  broth  which  is  made  up 
as  follows: 

Take  15  grams  of  ground  sweet  pea  seeds  to  1000  cc  of  water. 
Bring  to  a boil,  filter,  then  add  15  grams  of  agar ; bring  to  a boil, 
then  filter,  tube  and  sterilize  in  the  autoclave  for  15  minutes  at  15 
pounds  pressure. 

FUSARIUM  ROOT  ROT,  Fusanum  lathy n n.  sp. 

Historical.  It  seems  that  TulasnCgg  was  the  first  to  recognize 
the  parasitic  nature  of  Fusarium.  In  1883  Hanseng^  describes  a dis- 
ease on  oats  which  is  attributed  to  Fusarium  graminum  Corda.  In 
1884  Worthington  Smithgg  describes  a wheat  disease  due  to  Fusispor- 
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ium  (Fiiiarium)  culmoruiu  W.  Sm.,  and  another  disease  on  barley  due 
to  Fusarium  hordei  W.  Sm.  In  1889  E.  F.  Smithge  mentions  different 
related  Fusaida  isolated  from  the  soil  which  play  the  role  of  plant 
pathogens.  The  sx^ecies  of  the  Fusarium  are  not  given.  In  the  same 
year,  in  their  excellent  report  on  the  loose  smut  of  wheat,  Kellerman 
& Swinglcg^  report  on  a Fusarium  which  lives  as  a parasite  on  the  loose 
smut  of  wheat  and  which  ’they  named  Fusarium  ustilaginis  K.  & Sw. 
In  1892  Fraukgg  reports  Fusarium  heterosj^orium  Nees,  a parasite  on 
several  graminaceous  hosts.  In  the  same  year  Atkinsoiigg  reports  on  a 
cotton  disease  due  to  Fusarium  vasinfectum.  In  1893  Rostruxjgg  de- 
scribed an  oat  disease  due  to  Fusarium  avenaceum.  In  1899,  Smithgi 
describes  a disease  of  cotton,  watermelon,  cowpeas,  and  melons  as 
due  to  a Fusarium  whose  perfect  stage  was  believed  to  be  Neocosmo- 
pora  vasinfecta.  In  1899  Woods, ,2  reports  on  a disease  of  Chinese 
asters  due  to  a Fusarium.  In  1900  Manguhigg  reports  on  the  parasitic 
nature  of  Fusarium  roseum.  In  1901  Prillieux  and  Delacroix, rej^ort- 
ed  on  a carnation  disease  due  to  F.  dianthi.  In  1901  Bolleygg  reports 
on  a flax  disease  due  to  Fusarium  lini.  In  1901  Sorauei-gg  reports  on  a 
rye  disease  due  to  Fusarium  nivale.  In  the  same  year  Pammelg^  re- 
ports on  a wheat  disease  due  to  Fusarium  roseum  Lk.  In  1902  Smithgg 
reports  extensively  on  a wilt  of  Chinese  Aster  the  same  disease  as  pre- 
viously reported  by  Woods,;9.  In  1902  Ilennings^g  describes  a disease 
on  the  black  locust  which  he  attributes  to  Fusarium  vogelii.  In  1903 
Van  Ilall-i  describes  a pea  disease  which  he  attributes  to  Fusarium 
vasinfectum  Atk.  var.  Pisi.  In  1901  Smith  and  Swingle^,  reports  on 
the  dry  rot  of  potatoes  due  to  Fusarium  oxysi)orum.  In  the  same  year 
Osterwalder..3  reports  on  a fruit  rot  due  to  F.  i^utrefaeiens.  In  1905 
Oweipj  reports  on  a tomato  disease  which  he  attributes  to  Fusarium 
erubescens  Appel,  and  v.  Oven.  This  fungus  is  claimed  to  be  differ- 
ent from  Fusarium  solani,  F.  putrefaeiens  and  F.  Lyeopersiei.  In 
1906  Appel  and  Schikarra^g  rei>ort  on  different  species  of  Fusaria 
which  induce  disease  in  plants.  In  the  same  year  Heald^g  reports 
on  a bud  rot  of  carnations  due  to  a species  of  Fusarium.  In  1906 
IIedgeoek„  in  his  extended  studies  of  chromogenie  fungi  reports 
Fusarium  roseum  as  capable  of  discoloring  wood.  In  1907  Chifflot^g 
reports  on  a pelargonium  disease  due  to  Fusarium  pelargonii.  In  1909 
in  their  extended  studies  on  corn  rots,  Burrill  and  Barrett^g  report  on 
three  species  of  Fusaria  which  attack  the  ear  of  corn.  In  1910  Wolfgg 
reports  on  a pansy  disease  as  due  to  Fusarium.  In  the  same  year 
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Smith  81  reports  on  a banana  disease  due  to  Fusarium,  and  Cookgg  re- 
ports on  the  double  blossom  due  to  Fusarium  rubi.  In  1911  Bubakgg 
describes  a rot  on  ears  of  corn  due  to  Fusarium  maydiperdum.  In 
1912  Giffordg^  reports  extensively  on  a damping  otf  disease  of  con- 
iferous seedlings  due  to  Fusarium,  the  species  not  stated.  There  are  of 
course  many  more  Fusaria  described,  but  the  aim  in  this  brief  his- 
torical sketch  is  to  mention  the  literature  which  bears  more  or  less 
directly  on  the  parasitic  nature  of  Fusarium.  In  a very  recent  paper 
Wollenwebergj  describes  several  species  of  Fusaria  parasitic  on  the 
potato.  He  also  emphasizes  the  importance  of  morphological  studies 
as  well  as  infection  experiments  as  the  basis  of  classification  in  Fusaria. 

Fusarium  Boot  Bot  of  Sweet  Pea.  There  is  no  record  in  the 
literature  of  a Fusarium  disease  of  the  sweet  pea.  Several  complaints 
from  fiorists  have  shown  that  they  could  not  grow  sweet  peas  under 
greenhouse  conditions  because  of  a root  rot  which  developed  early  and 
in  some  cases  destroyed  the  entire  planting.  Cultures  made  from  the 
infected  material  or  from  the  infected  soil,  and  from  seedlings  sown 
in  the  laboratory  on  the  infected  soil,  gave  in  each  ease  a pure  cul- 
ture of  Fusarium. 

Symptoms.  The  first  symptom  of  the  disease  is  a sudden  flag- 
ging of  the  leaves  accompanied  by  general  wilting  and  collapse  of  the 
seedling.  Usually  upon  sowing  the  seeds  a fair  percentage  germinate 
and  reach  the  height  of  about  8 to  10  inches  when  they  are  attacked 
by  the  fungus.  If  the  collapsed  seedlings  are  allowed  to  remain  on 
the  ground,  the  stems  will  soon  be  covered  with  the  sickle  shaped 
spores.  Eventually  the  decayed  tissue  rots  and  disintegrates  and  is 
soon  invaded  by  small  fruit  flies  which  now  begin  to  distribute  the  fun- 
gus from  place  to  place  by  carrying  its  spores. 

Pathogenicity.  The  pathogenicity  of  this  fungus  is  readily 
proven  by  inoculating  with  a pure  culture  of  the  organism  sterilized 
seeds  planted  in  sterile  soil.  The  seed  germinate  and  reach  a height  of 
7 to  8 inches  but  soon  succumb  to  the  attacks  of  the  fungus.  The  fun- 
gus can  be  reisolated  from  the  artificially  infected  seedlings  and  the 
disease  induced  at  will  (Fig.  17).  The  checks  remain  healthy  pro- 
vided of  course  all  means  of  contamination  are  guarded  against. 

Morphology  of  the  Fungus.  The  mycelium  of  the  fungus  is 
hyalin,  septate  and  branched.  At  an  early  age  the  hyphae  begin  to 
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Fig.  17.  Fusarium  wilt  or  root  rot.  At  left,  healthy;  at  right,  infected. 

form  chlamydospores.  These  are  round  hyalin  bodies  often  filled 
with  oil  globules  and  are  formed  in  the  center  of  the  hypha  (Fig.  18), 
in  this  case  the  contents  of  the  former  collect  into  the  chlamydospores. 
Usually  also  the  chlamydospores  are  born  at  the  tip  end  of  the  hyphae 
in  chains  of  twos,  threes  and  even  fours  (Pigs.  19-22).  Old  cultures 
are  practically  one  mass  of  chlamydospores.  There  are  also  two 
spore  forms  present  and  these  appear  as  early  as  the  third  day  in  the 
pure  culture.  These  are  microconidia  which  are  fairly  abundant  and 
macroconidia,  varying  from  two  celled  to  four  celled.  The  average 
form  is  the  three  celled.  Both  micro-  and  macro-  conidia  are  hyalin 
and  smooth  (Figs.  23-31).  In  old  cultures  the  macroconidia  shrink 
so  that  the  septa  become  slightly  pronounced  (Pigs.  25,  28-29).  These 
old  macroconidia  soon  lose  their  protoplasm  or  the  latter  breaks  up 


presenting  a granular  appearance.  In  young  cultures  the  outer  wall 
of  the  chlamydospore  is  smooth,  but  in  old  cultures  it  becomes  slightly 
warty  or  covered  with  minute  points  (Fig.  19).  No  perfect  stage  has 
been  found  to  accompany  this  fungus  either  in  pure  culture  or  on 
the  host. 


Fisrs.  18-32.  Fusarium  lathvri.  showin<r  ehlamvdosnores  and  conidia. 

Identity  of  the  Fungus.  There  is  no  doubt  but  that  the  fun- 
gus belongs  to  the  genus  Fusarium.  It  produces  its  micro-  and  macro- 
spores (sickle  shaped)  as  well  as  chlamydospores  which  according  to 
Wollenwebergg  are  true  characteristics  of  the  genus  Fusarium.  The 
fungus  has  been  grown  in  pure  culture  (Fig.  32)  and  on  different 
media  for  two  years  and  no  perfect  stage  has  ever  appeared.  Unless 
further  studies  prove  differently  it  seems  that  the  present  Fusariiim 
IS  a new  species  and  the  name  Fusarmm  lathyri  n.  sp.  is  tentatively 
given  to  it.  A description  of  the  fungus  follows: 

Sporodochia  slightly  erumpent  to  superficial  on  the  host,  but  not 
always  present  on  culture  media.  Macroeonidia  sickle-shaped,  slight- 
ly curved  and  fitting  into  the  section  Martiella  of  AVollenweber,  2 to 
4 septate,  the  majority  being  three  septate,  15.8x4.2^ — 30.8x5.6u. 
Microconidia  elliptical  to  oval  9.8x2.8ii — 14x3. 50“.  Chlamydospores 
spherical,  thick  walled  and  spinulate  when  old,  7.3u-9u  borne  singly  or 
in  chains  of  twos,  threes  and  sometimes  in  fours. 

ROOT  ROT  OR  EEL  WORM,  Heterodera  radicicoJa  (Greef)  Muller 

Altho  not  belonging  to  the  domain  of  this  thesis  the  eel  worm  is 
here  considered,  first  because  of  the  important  root  knot  disease  it 
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produces,  and  the  second,  because  it  opens  tlie  way  to  several  fungous] 
parasites.  1 

Heterodcra  radicicoJa  aftacki)ig  manij  hosts.  The  eel  worm  is] 
of  an  omnivorous  nature.  MareinoAvskig^  gives  a list  of  235  species] 
of  plants  affected  with  the  pest.  Almost  all  of  the  more  important] 
families  of  flowering  plants  are  present  in  the  list,  as  well  as  one  gym-] 
nosperm  and  a fern.  The  plants  include  both  Monocotyledons  and] 
dicotyledons,  herbs,  woody  plants,  annuals  and  perennials.  Many  of] 
our  garden  plants  and  field  crops  ai'e  attacked  by  the  pest.  | 

Of  the  plants  said  not  to  be  affected  l)y  Ileterodera,  Besseygg  cites 
the  following  hosts:  (h'al)  grass  ( 8yntherisma  sanguinalis) , redtop 
(Agrostis  all:)a).  Johnson  grass  (Andropogon  halepensis),  some  varie- 
ties of  oats  (Avena  sativa),  Bromus  schradeid,  Eustachys  petrea,] 


Pis'.  32.  Pure  culture  of  Pusarium  lathvri.  the  cause  of  sweet  nea 

wilt 

some  varieties  of  barley  (Hordeum  vu.lgare),  perennial  rye  grass, 
Lolium  perenne,  Echinoehloa  fruinentacea,  Panicum  miliaceiim,  Pen- 
nisteum  sp.  timothy  ( Phleum  pratense).  rye  (Secale  cereale),  Andro- 
pogon sorghum,  Triticum,  maize  (Zea  mays),  Euchlaena  luxurians,' 
Bidens  leueantha,  B.  bipinnata,  CTuaphalium  purpurem,  Helenium 
tenuifolium,  some  species  of  Solidago  and  Zinnia. 
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Heterodera  attacking  sweet  peas.  In  his  excellent  work  on 
the  root  knot  Bessevgg  mentions  the  sweet  pea  as  attacked  by  Ileter- 
odera  radicicola.  ChittendeUgo  fonnd  the  eel  worm  associated  wdth 
Thielavia  root  rot. 

In  my  own  investigations  I have  found  the  eel  worm  capable  of 
producing  the  root  knot.  I have  often  found  this  pest  to  be  asso- 
ciated with  Rhizoetonia.  It  seems  very  probable  that  the  Heterodera 
worm  in  the  case  of  the  sweet  pea  opens  the  way  to  the  attacks  of 
Rhizoetonia  and  several  other  fungi.  Heterodera  radicicola  often 
produces  the  greatest  amount  of  damage  in  light  sandy  soil,  but  seems 
unable  to  thrive  in  heavy  clay  soils.  In  every  case  where  seen  by  the 
writer  or  where  reported  by  florists  and  seedsmen  the  eel  worm  wurs 
most  troublesome  where  sweet  peas  have  been  grown  on  too  light  soils 
in  the  greenhouse.  No  sweet  peas  have  been  reported  to  be  attacked 
by  'the  eel  worm  out  of  doors. 

Symptoms.  The  disease  is  characterized  by  swellings  on  the 
roots.  These  are  either  small  swellings  formed  singly,  in  pairs,  or  in 
strings,  thus  giving  the  affected  root  a beaded  condition  (Pig.  33)  or 
the  swellings  may  be  very  large  so  as  to  be  mistaken  for  root  nodules. 
However,  these  galls  cannot  be  mistaken  for  the  normal  root  nodirles, 
because  the  latter  are  lohed  and  are  attached  at  one  end  (Pig.  3-1), 
whereas  'the  root  gall  produces  a swelling  of  the  entire  surface  of  the 
part  affected.  Infected  plants  usually  linger  for  a long  time,  but  they 
can  be  distinguished  by  a thin  growth  and  yellow  sickly  looking  leaves 
and  stems. 

B.  Diseases  of  the  Aerial  Parts  of  the  Plant 

STEM  OR  COLLAR  ROT,  Sclerotima  libertiana  Fckl. 

Synonomy. 

Sclerotinia  libertiana  Pckl. 

Peziza  sclerotionim  Lib. 

Sclerotinia  libertiana  Pckl. 

‘ ‘ Kaufmanniana 
“ Postuma  B.  & AV. 

“ Coemansii  Kick. 

‘ ‘ selerotiorum  Br. 

Sclerotinia  selerotiorum  Ad. 
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History  of  Sclerotinia  lihertiaua  Feld,  as  a Plant  Disease  Pro- 
hicer.  In  1860  CoemanSgi  was  the  first  to  record  a disease  of  carrots 
and  'turnip  which  he  attributed  to  Sclerotinia  libertiana  (Peziza 
selerotium).  In  1886  De  Baryg,  also  reports  on  a disease  of  turnips 


Fig.  33.  Sweet  pea  roots  affected  with  eel  worm. 

Fig.  34.  Sweet  pea  nodules  formed  by  nitrogen  fixing  bacteria. 


and  carrots  due  to  S.  libertiana.  In  1887  Cohiigg  reports  on  a potato 
disease  due  to  the  same  fungus.  Smithg^  in  1890  reports  on  a holly- 
hock disease  due  to  Sclerotiana  libertiana.  In  1891  BehrenSgg  reports 
on  a hemp  disease  due  to  this  fungus.  In  1892  Ilumphreygo  reports 
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on  a lettuce  disease  whieli  lie  thought  was  due  to  Botrytis  cinerea,  the 
then  supposed  eouidial  stage  of  Sclerotinia  libertiana.  Humphrey 
again  in  1893  reports  on  a cucumber  disease  due  to  Sclerotinia  lib- 
ertiana. In  1897  Prillieux  and  Delacroixgj  report  on  an  important 
mulberry  disease  due  to  this  same  fungus.  In  1900  in  his  extended 
studies  on  Sclerotinia,  Smithgg  reports  on  the  omnivorous  nature  of 
S.  libertiana.  Hedgcockgg  in  1905  reports  on  a serious  disease  of  cab- 
bage and  cauliflower  due  to  S.  libertiana.  In  the  same  year  Parisotj^oo 
reports  on  a disease  of  Jerusalem  artichokes  in  the  western  part  of 
France  and  due  to  this  same  fungus.  He  also  mentions  the  potato, 
bean,  corn,  carrot,  turnip,  rutabaga  and  flax  as  all  being  subject  to  the 
same  disease.  In  1906  Appel  and  Bruch^gj^  also  report  on  a similar 
disease  of  turnip  and  parsnips.  Masseron^gj  in  1907  reports  this  fun- 
gus to  produce  a serious  disease  on  the  garden  and  field  pea.  In  1911 
Westerdijkigg  reports  a wide  range  of  hosts  to  be  attacked  by  the  fun- 
gus such  as  rape,  cabbage,  cauliflower,  kohlrabi,  sesame,  bean,  pea, 
vetch,  clover,  lettuce,  Jerusalem  artichoke,  dahlia,  zinnia,  sugar  beets, 
carrots,  turnips,  parsnips  and  beets. 

Sclerotinia  libertiana  FcM.,  a Fungous  Disease  of  the  Sweet 
Pea.  As  far  as  I could  ascertain  there  is  no  mention  in  literature 
of  S.  libertiana  attacking  the  sweet  pea.  I have  first  noticed  this  dis- 
ease on  greenhouse  specimens  sent  in  by  a grower  in  Pennsylvania. 
My  first  record  of  the  disease  appeared  in  the  Florist  Exchangeio4- 
Observations  so  far  seem  to  show  that  the  disease  is  limited  to  sweet 
peas  under  greenhouse  conditions  only.  A special  effort  was  made 
to  find  this  disease  out  of  doors  but  without  success.  It  is  well  known 
that  under  certain  conditions  unfavorable  to  the  host  the  fungus  can 
attack  a variety  of  hosts  which  grow  in  the  open.  That  the  fungus  has 
not  been  found  so  far  to  attack  sweet  peas  out  of  doors  does  not  limit 
its  appearance  in  the  field  at  any  time  that  climatic  conditions  are  un- 
favorable to  the  host. 

Symptoms.  This  is  usually  a seedling  disease  (Figs.  35-36) 
altho  it  may  attack  plants  of  all  ages  (Fig.  36).*  And  it  is  most  severe 
in  poorly  ventilated  houses  or  in  beds  which  are  overwatered  and 
which  lack  proper  drainage.  The  disease  when  present  does  its  work 
quickly.  Affected  plants  first  show  a wilting  of  the  tip  and  flagging 


Figs.  36,  41.  Electrotype,  Florists’  Exchange.  Photographs  by  the  author. 
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of  the  leaves  and  then  fhe  seedlings  fall  ovei’  and  collapse.  The  fun- 
gus Sclerotinia  lil)ertiana,  altho  a soil  oi-ganisni  cannot  attack  the  roots 
of  its  host.  The  fungus  penetrates  the  collar  of  the  stern  and  complete- 
ly invades  the  vessels  of  the  host,  thus  cheeking  tire  upward  flow  of  the 
water  from  the  roots.  Freshly  collapsed  irlants  have  a watersoaked 
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appearance,  later  to  be  overrun  with  a white  weft  of  fungus  mycelium, 
finally  to  be  followed  by  selerotia  which  are  found  here  and  there  on  or 
within  the  affected  stems. 
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Pathogenicity.  In  order  to  establish  definitely  the  relation- 
ship of  the  fungus  to  this  disease  of  sweet  peas  under  glass,  sterilized 
seeds  were  planted  in  sterilized  pots  and  soil  in  the  laboratory.  All 
the  seeds  germinated  and  the  plants  were  allowed  to  grow  for  three 
weeks,  in  a perfectly  healthy  state.  Then  the  pots  were  divided  in 


two  lots;  one  lot  was  left  as  a check  and  the  other  lot  was  inoculated 
with  the  pure  culture  of  the  Sclerotinia  by  introducing  pieces  of  the 
fungus  in  the  soil.  Both  lots,  check  and  infected  plants,  were  covered 
with  bell  jars  to  imitate  the  moisture  conditions  of  the  greenhouse. 
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After  four  to  six  days,  wilting  of  the  inoculated  seedlings  began, 
whereas  the  cheeks  remained  healthy.  This  was  repeated  several 
times  with  always  the  same  results.  This  conclusively  shows  that  the 
fungus  Sclerotinia  libertiana  is  able,  when  present  in  the  soil,  to  pro- 
duce a disease  on  sweet  peas  under  glass.  The  fungus  is  usually 
brought  into  the  greenhouse  with  the  soil,  or  with  the  manure.  Cross 
inoculation  with  the  fungus  from  the  sweet  pea,  lettuce,  turnip  and 
cucumber  on  the  sweet  pea  produced  typical  eases  of  wilt,  thus  prov- 
ing conclusively  that  the  fungus  from  the  sweet  pea  is  the  same  as 
the  Sclerotinia  libertiana  of  the  hosts  mentioned  above. 

Identity  of  the  Fungus.  The  fungus  from  the  sweet  pea  was 
run  on  artificial  media  with  parallel  ciiltures  of  S.  libertiana  from  let- 
tuce, cowpea  and  cucumber.  There  was  no  difference  observed  in  the 
manner  of  growth  nor  of  sclerotial  formation  of  these  strains.  Under 
pathogenicity,  1 have  shown  that  cultures  of  S.  libertiana  obtained 
from  hosts  such  as  lettuce,  turnip  and  cucumber  readily  produced 
the  typical  wilt  of  the  sweet  pea  similar  to  that  obtained  when  inocu- 
lations are  made  with  the  fungus  from  the  sweet  pea  on  the  sweet  pea. 
In  order  to  further  verify  the  identity  of  the  fungus,  sclerotia  from 
cultures  three  months  old  were  i)laeed  in  small  flat  covered  chambers 
containing  sterile  moist  sand.  These  were  placed  outdoors  in  the  cold 
for  four  weeks,  then  brought  in  the  laboratory  and  kept  at  room  tem- 
perature. The  moisture  was  maintained  by  adding  every  three  to 
four  days  some  sterile  water.  In  nine  weeks  the  sclerotia  germinated 
by  sending  out  from  each  a number  of  grayish  stalks,  and  in  two 
weeks  the  apothecia  developed  at  the  tip  of  the  stalks.  In  shape  and 
measurement  of  asci  and  ascospores  the  fungus  answered  in  every  de- 
scription that  of  Sclerotinia  libertiana. 

3Ioriyho]ogy  of  the  Fungus.  In  my  work  I find  no  conidial 
stage  of  a Botrytis  type  or  of  any  other  type  to  be  connected  with 
Sclerotinia  libertiana  of  the  sweet  pea.  This  is  in  accord  with  the 
studies  made  by  Smith,  R.  E.^gg.  There  seems  no  doubt  but  that  Bot- 
rytis cinerea  which  is  often  found  to  accompany  S.  libertiana  is  in  no 
way  connected  with  the  former. 

POWDERY  MILDEW,  Erysiphe  polygonif 

The  sweet  pea  mildew  was  first  described  by  Masseeigg  as 
being  prevalent  in  England.  Erysiphe  polygoni  was  attributed 
as  the  cause,  both  of  sweet  pea  mildew  and  that  of  the  edible 
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garden  pea.  In  this  country  Stewart^oy  was  the  first  to  record 
a powdery  mildew  on  the  sweet  pea.  However,  Stewart  did  not 
find  the  perithecial  stage,  and  hence  the  fungus  was  not  deter- 
mined. The  powdery  mildew  is  a very  prevalent  disease  on 


lig.  37.  Anthracnose  disease  of  sweet  pea  on  stem  and  peduncles. 


greenhouse  sweet  peas,  and  on  irrigated  fields  or  where  they  are  plant- 
ed on  a large  scale  for  seeds.  Ordinaihly,  howevei’,  in  small  garden 
lots,  and  especially  where  the  plants  do  not  receive  any  watei',  the  dis- 
ease is  pi-actically  unimj)ortant  since  the  attack  is  usually  very  mild 
during  the  active  growing  season,  hut  becomes  somewhat  more  abun- 
dant when  the  plants  have  passed  all  usefulness.  The  writer  had  the 
opportunity  of  collecting  specimens  at  random  fi'om  six  large  houses, 
and  fi'om  three  aci'es  of  out-dooi'  sweet  ]ieas  in  Mass,  and  from 
a similar  three  acre  plantation  in  Pa.  Like  Prof.  Stewart,  the 
write!'  has  otdy  met  with  the  conidial  or  Oidium  stage.  On  our  own 


Fig.  38.  Anthracno.se  disease  of  pods  and  seeds. 

sweet  pea  field,  we  have  carefully  watched  for  a peritheeial  stage  bu't 
without  success.  Late  in  the  tall,  badly  infected  leaves  have  been  col- 
lected and  put  away  to  winter  ovei',  but  that  material  up  to  date, 
Api'il,  1913,  has  failed  to  develop  perithecia. 
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ANTHRACNOSE,  Glomerella  nifomaculana  {Berk.)  S.  & V.  Sch. 

A very  serious  antliraciiose  disease  of  the  sweet  pea  on  the  Dela- 
ware Experiment  Station  farm  was  called  to  the  attention  of  the 
writer  during  the  latter  part  of  July,  1910.  This  disease  proved  to  be 
the  same  or  very  similar  to  the  one  reported  by  Sheldoipog  from  West 


Viiginia  in  1905,  and  is  very  probably  the  so-ealled  “wilt”  which 

lias  been  so  often  referred  to  in  old  seed  catalogues  and  treatises  on 
sweet  peas. 
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Symptoms.  The  disease  occurs  on  the  stems,  leaves  (Fig.  39), 
flowers  and  pods  but  is  most  severe  ou  the  latter.  There  is  a general 
wilting  of  the  affected  parts  followed  by  dying,  which  begins  at  the 
tips  of  the  younger  shoots  and  works  downward  (Fig.  37).  The  older 
parts  of  the  plants  are  not  killed  immediately  but  may  persist  for 
some  time  after  being  attacked  by  the  fungus.  The  dead  parts  shrivel, 
become  brittle,  and  are  soon  covered  with  luiuute  acervuli.  The  aff 
fected  pods  are  at  first  a dirty  white  in  api^earance  but  assume  a dull 
color,  which  is  due  to  the  presence  of  the  acervuli.  A defluite  canker, 
which  is  so  characteristic  of  the  bean  anthracnose  is  not  produced. 
Although  the  disease  on  the  stems  seems  to  be  restricted  to  the  young- 
est growths,  the  pods  may  be  infected  at  any  stage  of  their  develop- 
ment. The  seeds  of  the  diseased  pods  are  always  infected,  become 
shrivelled  and  frequently  do  not  reach  maturity  (Fig.  38.) 

Pathogenicity.  Sheldon  called  attention  to  the  identity  of  the 
Gloesporium  of  the  sw’eet  pea  with  Glomerella  rufomaculans  (Berk.) 
Spauld.  & von  Sch.  which  is  the  cause  of  the  bitter  rot  of  the  apple. 
With  this  in  mind,  the  writer  made  the  following  experiments  in  the 
autumn  of  1910.  Sweet  jiea  seeds,  ■which  to  all  appearances  were  per- 
fectly healthy,  were  carefully  selected,  sterilized  by  immersion  for  15 
minutes  in  a 5%  solution  of  formaldehyde,  and  planted  in  pots  in 
soil  which  had  been  sterilized  by  heating  for  one  hour  in  the  autoclave. 
The  seeds  germinated  in  5 days  and  the  seedlings  were  allowed  to 
grow  for  three  weeks.  Fifty  plants  were  allowed  to  grow  in  each  pot. 
The  temperature  of  the  room  ranged  as  high  as  72°  F.  during  the  day 
and  several  degrees  lower  during  the  night,  but  not  low  enough  to 
injure  the  plants.  All  the  seedlings  grew  well  and  were  perfectly 
healthy.  The  day  before  inoculation  the  pots  with  the  seedlings  were 
covered  with  bell  jars  thus  forming  moist  chambers.  These  covers 
were  removed  one  day  after  inoculation.  Two  methods  of  inoculation 
were  employed:  (1)  the  introduction  of  spores  into  the  living  stems 
through  punctures  made  with  a sterilized  needle;  (2)  by  liberally 
spraying  the  surface  of  the  plants  by  means  of  an  atomizer  with 
spores  suspended  in  sterilized  'water.  Fruits  of  apples  and  pears  on 
the  trees  in  the  orchard  were  also  treated  in  the  following  manner: 
Healthy  fruits  on  the  trees  -were  first  washed  with  a 5%  solution  of 
formaldehyde  and  then  rinsed  with  distilled  water.  They  were  then 
inoculated  through  sterile  needle  punctures  and  covered  with  paper 
bags.  For  the  inoculation,  pure  cultures  were  used  of  Gloeosporiums 
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from  various  sources  as  indicated  below.  The  results  of  these  experi- 
ments are  given  in  Table  I. 

The  data  in  Table  I show:  (1)  that  the  original  organism  of  the 
sweet  pea  is  pathogenic  to  the  sweet  pea,  and  also  to  the  apple  in  which 

TABLE  I 


Source  of 

Number  and  kiud 

Method  of 

^ Gloeospor- 

of  plants 

inoculation 

ium  culture 

inoculated 

Sweet  Pea 

50  sweet  pea  seed- 
lings, 3 weeks  old 

PuncP  'e 

i i 1 i 

Same 

Same 

Atomize 
( ( 

Ajy;)le 

Same 

Puncture 

50  sweet  pea  seed- 
lings 4 weeks  old 

i ( 

i ( 

Same 

Atomizer 

t t 

( ( 

Same 

Same 

Puncture 
( ( 

t ( 

Same 

Atomizer 

( ( 

50  sweet  pea  seed- 
lings 8 weeks  old 

Sweet  Pea 

12  apples  on  tree 

Puncture 

C ( ( ( 

16  “ “ 

( i 

Apple 

15  “ “ 

21  pears  on  tree 
18  “ “ 

( i 

i i 

Sweet  Pea 

( i 

( i 1 i 

16  “ “ 

i i 

Date 

of 

Results  of 

Checks 

inoculation 

tion 

Sept. 

26 

Oct. 

2,  all  dead 

50  all 

Oct. 

26 

Xov. 

7 ( ( ( ( 

healthy 

i i 

ov. 

14 

Xov. 

91  ((  i ( 

( ' 

Oct. 

10 

Oct. 

18,  “ “ 

( ( 

i 

i 1 

Oct. 

9 9 i ( ( i 

1 ( 

Xov. 

20 

Xov. 

29,44  “ 

( i 

Oct. 

26 

Xov. 

1,31  “ 

( ( 

Xov. 

14 

Xov. 

20,  all  ‘ ‘ 

( i 

Oct. 

5 

Oct. 

14,37  “ 

( ( 

Oct. 

n 

1 

Oct. 

17,42  “ 

i ( 

Oct. 

Oct. 

17,  typical 

7 

bitter  rot 

5 

i ( 

Oct. 

8 

( ( 

i C i ( 

12 

( ( 

( 1 

i ( 

C 1 

i i i C 

16 

( ( 

i i 

( i 

( i 

1 i it 

8 

( ( 

i . 

i ( 

1 ( 

i i 1 i 

11 

( { 

i ' 

( 

( { 

( i i i 

12 

( i 

it  causes  the  typical  bitter  rot;  (2)  that  Gloeosporium  fructigenum 
Berk,  from  the  apple  causes  a disease  on  the  sweet  pea  which  is  sim- 
ilar to  the  disease  caused  by  the  original  sweet  pea  Gloeosporium. 
This  definitely  proves  that  Glomerella  rufomaculans  (Berk.)  Spauld. 
& von  Sch.  is  the  cause  of  the  anthracnose  disease  of  the  sweet  pea. 

Relation  of  other  Gloeosporiums  to  the  Sweet  Pea  Disease. 
While  working  on  the  question  of  the  identity  of  the  bitter  rot  of  the 
apple  and  the  anthracnose  of  the  sweet  pea,  it  was  considered  desir- 
able to  determine  whether  other  species  of  Gloeosporiums  could  pro- 
duce an  anthracnose  of  the  sweet  pea  similar  to  that  caused  by  the 
bitter  rot  organisms  of  the  apple.  Therefore,  sweet  pea  seedlings  were 
inoculated  with  spores  from  pure  cultures  of  five  difterent  GloecV 
sporiums  then  in  stock  in  the  laboratory.  The  results  of  these  experi- 
ments are  giv“n  in  Table  II. 
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Species  of 

Method  of 

kind  of  plants 

Results  ot 

Check 

Gloeosporiuin 

inoculated 

inoculation 

tion  ' 

inoculation 

Gloeosporium 

50  sweet  pea 

Puncture 

Oct.  26 

Nov.  7,  42 

50  all  healthy 

gallariim 

1.  i 

seedlings 

dead 

i 1 

( 

Nov.  14 

Nov.  25,  41 

dead 

i i 

i i 

Atomizer 

Nov.  30 

Dec.  12,  8 

dead 

4 4 

i i 

i i 

( i 

Dec.  2 

Dec.  14,  19 

dead 

i i 

i i 

Oct.  26 

Nov.  7,  34 

dead 

Gloeosporium 

i i 

Puncture 

Nov.  14 

Nov.  25,  43 

ofiieinale 

dead 

4 4 

‘ ‘ 

( 1 

( i 

Nov.  30 

Dec.  12,  50 

dead 

4 4 

i i 

i 1 

Atomizer 

Dee.  2 

Dec.  14,  50 

dead 

4 4 

i < 

4 i 

Oct.  26 

Nov.  7,  50 

dead 

4 4 

Species  from 

i 

Puncture 

Nov.  14 

Nov.  26,  42 

May  apple 
( 

dead 

( 

Nov.  30 

Dec.  12,  17 

dead 

4 4 

( 

i 

Atomizer 

Dec.  2 

Dee.  14,  19 

dead 

( 

i 

4 4 

Dee.  26 

4 4 

Glomerella 

n 

Puncture 

4 4 

Nov.  20 

psidii 

Atomizer 

failure 

i 

4 

4 4 

4 4 

Species  from 

i 

4 4 

Oct.  20 

4 4 

Persea 

i 

Puncture 

4 

4 4 

4 4 

Gloeosporium 

15  pears  on 

4 ( 

4 

Nov.  15,  typ- 

7 

gallarum 

tree 

ieal  bitter  rot 

Gloeosporium 

12 

4 

4 4 

5 

Officinale 
Species  from 

14  “ 

4 4 

4 4 

4 4 

9 

4 4 

yiay  apple 

Nov.  15,  not 

6 

Glomerella 

19  “ 

4 4 

typical  bitter 

psidii 

Species  from 

16  “ 

4 4 

Oct.  5 

rot 

4 4 

6 

4 4 

Persea 

Species  from 
sweet  pea 

106  pole  lima 
on  pods 
66  “ 

4 4 

Oct.  7 

Oct.  19,  suc- 
cessful 

16 

4 4 

Species  from 

4 4 

12 

apple 

Species  from 

24  ‘ ‘ 

4 4 

4 4 

4 4 

9 

4 4 

May  apple 
Gloeosporium 

32  “ 

4 4 

4 4 

4 4 

4 4 

Officinale 

Gloeosporium 

42  ‘ ‘ 

4 4 

4 4 

gallarum 

Glomerella 

60  bush  lima 

4 4 

4 4 

4 

4 4 

psidii 

bean 

19 

4 4 

Species  from 

42  ‘ ‘ 

4 4 

4 4 

sweet  pea 

12 

Species  from 

49  “ 

4 4 

4 4 

apple 

Species  from 

40  “ 

Atomizer 

4 4 

Oct.  26,  fail- 
ure 

12 

4 4 

apple 

Species  from 

58  " 

4 4 

4 4 

12 

4 4 

sweet  piea 
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From  Table  II  it  will  be  seen  that  the  Gioeosporium  from  the  May 
apple  fruit  {Podophyllum  peltatum) , G.  gallarum  Ch.  Rich,  from  oak 
gall,  and  G.  officinale  E.  & E.  from  sassafras  leaves,  are  able  to  infect 
sweet  pea  seedlings  through  puncture  inoculations  as  readily  as  the 
sweet  pea  or  the  apple  Gioeosporium.  Furthermore,  that  G.  officinale 
readily  infects  sweet  pea  seedlings  by  atomizer  inoculations,  the  infec- 
tion being  nearly  100%.  While  G.  gallarum  and  the  species  of  Gloeo- 
sporiuni  from  the  May  apple  fruit  also  infect  sweet  pea  seedlings,  the 
percentage  of  successfully  inoculated  seedlings  is  smaller  with  the 
atomizer  inoculations  than  when  the  inoculations  are  made  by  needle 
punctures. 

Glomerella  psidii  (G.  Del.)  Sheldon  and  the  Gioeosporium  from 
Persea  failed  to  infect  sweet  pea  seedlings. 

The  apple  trees  in  the  old  orchard  of  the  Experiment  Station  did 
i not  bear  enough  fruits  to  permit  inoculation  experiments  with  the 
above  five  organisms ; hence  Kieffer  pear  trees  which  bore  heavily  were 
chosen  for  this  purpose.  They  were  accordingly  inoculated  with  the 
I five  Gloeosporiums  already  mentioned.  The  results  of  these  inocula- 
i tions  (Table  II),  show  that  the  species  of  Gioeosporium  from  the  May 
apple  G.  gallarum  and  G.  officinale  produce  the  typical  bitter  rot  on 
the  pear,  while  the  Gioeosporium  from  the  guava  and  Persea  infect 
the  pear,  but  cause  dull  spots  in  which  the  aeervuli  are  black  and  the 
spores  are  borne  on  long  black  conidiophores.  Similar  results  were 
obtained  when  pear  fruits  were  inoculated  with  the  same  Gioeosporium 
and  kept  in  moist  chambers  in  the  laboratory.  These  experiments 
also  show  (Table  II)  that  all  the  Gloeosporiums  here  considered,  ex- 
cept the  species  from  guava  and  Persea  very  readily  produced  an 
I anthracnose  disease  on  the  pods  of  the  lima  beans  in  the  field,  which 
I was  similar  to  the  anthracnose  of  the  sweet  pea,  but  quite  unlike  the 
I bean  anthracnose,  Collefotrichum  lindemufhianum  (Sacc,  & Mag.)  B. 
I & C.  All  the  Gloeosporiums  referred  to  above  attacked  the  pods  of 
k the  lima  beans  in  tbe  field  wben  the  inoculations  were  made  by  means 
■|  of  punctures,  but  not  otherwise.  The  spots  produced  on  the  lima  bean 
I pods  by  Glomerella  psidii  are  gray  with  grayish  aeervuli  and  made  up 
I of  black  setae  very  similar  to  those  of  a true  Colletotrichum.  but  un- 
‘ like  C.  lindemufhianum.  None  of  the  above  species  of  Gloeosporiums 

I would  infect  bean  or  vetch  seedlings.  The  same  precautions  w’ere 
taken  in  inoculating  the  bean  pods  and  pears  in  the  field  as  with  the 
apples. 
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Further  Studies  of  some  Gloeosporiums  and  their  relation  to  the 
Sweet  Pea  Anthracnose.  The  first  year  (1910)  the  inoculations  were 
carried  on  at  a time  when  both  the  apples  and  the  pears  were  almost 
mature,  and  ripe  fruits  being’  a more  favorable  medium,  since  they  are 
physiologically  less  active  than  young  ones,  it  was  felt  advisable  to 
start  the  present  inoculations  of  the  apples  and  pears  in  the  orchard 
at  a much  earlier  date,  this  time  using  moi'e  organisms.  The  inocula- 
tions were  begun  in  1911  when  the  fruits  were  the  size  of  a grape,  and 
were  repeated  at  various  stages  of  their  development.  The  Kieffer 
pear  and  the  Rubicon  and  Paradise  Sweet  apples  were  selected  for 
this  puipose.  The  inoculations  were  made  by  means  of  punctures 
through  the  cuticle.  For  each  organism  a different  sterilized  needle 
was  used.  Natural  infection  of  the  inoculated  fruits  was  prevented 
by  means  of  heavy  paper  bags  which  were  tied  to  the  limbs  to  which 
the  inoculated  fruits  were  attached.  Any  inoculated  fruits  which 
happened  to  drop  oft'  fell  into  the  bags  and  were  retained  there.  In 
every  case  where  infection  occurred  it  first  appeared  at  the  point  of 
inoculation.  For  each  organism  eight  fimits  were  used  as  cheeks. 
These  were  punctured  with  a sterile  needle  and  covered  with  paper 
bags,  and  in  all  cases  remained  healthy.  Investigations  w’ere  also  car- 
ried on  with  sweet  pea,  siiecimens  of  which  were  grown  in  the  labor- 
atory from  carefully  selected  and  sterilized  seeds  grown  in  sterilized 
pots  and  soil.  Cheeks  were  also  used,  fifty  seedlings  for  each  organism, 
and  these  in  all  cases  remained  healthy,  although  they  were  ininctured 
with  a sterilized  needle.  Only  spores  from  pure  cultures  were  used 
for  the  inoculations.  The  results  obtained  are  given  in  Table  III. 

Fi'oni  Table  III  it  will  be  seen  that  Gloin.  rufomacidans  from 
apple  and  sweet  pea,  Gloe.  gallarum  Ch.  Rich.,  Glom.  gossypii  (South) 
Edg.,  Gloe.  diospyri  E.  & E.,  Golletot rich  uni  phomoides  (Sacc.) 
Chest.,  and  C.  nigrum  Ell.  & Halst.  produce  the  typical  anthracnose 
disease  on  the  sweet  pea  and  the  symptoms  produced  by  all  the  above 
organisms  were  identical  with  those  produced  by  the  original  Gloeo- 
sporium  isolated  from  diseased  sweet  pea  plants  in  the  field.  Many 
more  inoculations  than  are  indicated  in  Tal)le  IV  were  made  with  the 
above  named  organisms  on  the  sweet  pea.  They  were  omitted  from 
the  table,  since  the  results  obtained  were  similar  to  those  given  above. 
The  data  in  Table  III  further  show  that  Gloe.  piperatum  E.  & E. 
failed  to  infect  the  sweet  pea  by  atomizer  inoculation,  w'hile  infection 
by  puncture  inoculation  was  fairly  successful.  When  this  organisms 


47 


was  reisolated  from  seedlings  infected  by  puncture,  it  regained  its 
virulence,  and  then  became  able  to  infect  sweet  pea  seedlings  by  atom- 
izer inoculation.  Glom.  rufomaculans  from  the  fig  failed  to  infect  the 
sweet  pea,  and,  as  will  be  seen  later,  it  also  failed  to  infect  apples  and 

TABLE  III 


vSpecies  of 
fungfus 

Methods  of 
inoculation 

Date  of 

Inoculation 

Results  of 
inoculation 

Glomerella  rufomaculans 

June  28,  99%  infection 

from  apple 

Atomizer 

June  16 

Glom.  rufomaculans 

June  2,  92%  “ 

from  sweet  pea 

May  21 

( ( 

i ( 

ilav  25 

June  6,  90%  “ 

i 1 

June  16 

June  21,  95%  “ 

i ( 

June  29 

July  11,  41%  “ 

( ( 

July  27 

Aug.  10,  80%  ‘ ‘ 

( i 

Xov.  1 

Xov.  10,  100% 

Gloeosporium  gallarum 

( i 

June  16 

June  28,  91%  “ 

Gloe.  piperatum 

( c 

IMav  25 

June  12,  no  “ 

Puncture 

( ( 

June  12,  2%  “ 

1 ( 

June  29 

July  6,  41%  “ 

Atomizer 

June  4 

June  21,  no  “ 

( i 

July  27 

Aug.  9,  50%  " 

Glom.  gossypii 

{ ( 

INlay  21 

June  2,  82%  “ 

i ( 

( { 

l^lay  23 

June  12,  60%  “ 

i ( 

June  21 

July  7,100%  “ 

i i 

June  29 

July  7,  80%  “ 

Gloe.  diospvri  

1 i 

Oct.  28 

Xov.  10,  82%  “ 

Colletotrihum  phomoides 

( i 

i i 

Xov.  10,  80%  “ 

C.  nigrum 

i i 

( i 

Xov.  10,  92%  “ 

C.  gloeosporioides 

i i 

July  3 

July  14,  no  “ 

Puncture 

Aug.  1 

Aug.  10,  “ “ 

Glom.  rufomaculans 

from  tig 

May  21 

June  2,  " " 

i ( 

Atomizer 

June  2,  “ 

Gloeosporium  from 

June  29 

July  11,  “ “ 

Populus  deltoides 

( ( 

Puncture 

May  25 

June  12,  “ “ 

C.  lindemuthianum 

( i 

Aug.  1 

Aug.  10,  “ “ 

Atomizer 

i i 

Aug.  10,  “ “ 

Gloe.  musarum 

i ( 

July  27 

Aug.  10,  “ “ 

Puncture 

i ( 

Aug.  10,  “ 

C.  lagenarium 

i i 

Xoy.  1 

Xov.  10,  “ “ 

( i 

Atomizer 

( i 

Xov.  10,  " “ 

pears  on  the  tree.  Edgerton^gg  states  that  the  above  two  organisms 
readily  lose  their  virulence  when  grown  for  some  time  on  artificial 
media.  The  Gloeosponum  sp.  from  Populus  deltoides,  Collefotrichum 
lindem  uthiann  m (Saec.  & Magn.)  B.  & C.,  and  Gloe.  musanon  Cke. 

*Gloeosporium  piperatum  rciso’atcl  r:'om  sweet  pea  seeillings  infected  by 
puncture  inoculation. 
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& Mass,  failed  to  infect  tlie  sweet  pea  after  repeated  trials  both  by 
puncture  and  atoinizei’  inocidations.  In  coniparing  Tables  I and  II 
we  see  that  the  organisms  which  infect  the  sweet  pea  also  infect  the 
apple,  with  the  exeejrtion,  however,  of  Gloc.  (/ossijpii,  which  readily 
infects  the  sweet  pea  by  atomizer  inoculation,  but  always  fails  to  infect 
apples  on  the  tree. 


Fig.  40.  Bitter  rot  of  aii])le  iinluceii  by  the  .same  fungous  which  causes  anthrac- 
iiose  of  tlie  sweet  pea,  viz. — (iloiiierella  rufoinaculaiis. 

The  data  in  Table  IV  show  that  none  of  the  organisms  used  could 
infect  the  Rnbicon  a])ple  on  the  ti'ee  when  the  fruits  were  about  the 
size  of  a large  grai)e.  Later,  however,  by  dune  26,  the  first  j^ositive 
infection  was  obtained  with  Glom.  rufotnacuhms  from  the  apple.  At 
this  same  date  all  the  other  organisms  used  failed  to  infect.  On  July 
lb  the  same  condition  ])revailed.  By  August  19,  typical  bitter  rot 
infections  were  obtained  with  Glom.  rufomacuJans  from  the  ajiple  and 
sweet  pea,  GJoc.  officinale,  Give,  gallarum,  Gloeosporium  sp.  from 
May  apple  fruit,  and  Gloc.  piperaturn.  Negative  results  were  obtained 
with  Glom.  rufomaciilaits  from  fig,  Glom.  (jossypU,  Gloeosporium  sp. 
from  Populus  dclloides,  Colletoi riclium  lindonuiManum  and  Gloe. 
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musarum.  Further  inoculations  were  made  on  the  Rubicon  apple 
until  September  when  the  fruits  were  ripe  and  the  results  were  the 
same  as  mentioned  above. 

Field  inoculations  were  tried  on  the  Paradise  Sweet  apple  with 
the  organisms  mentioned  in  Table  IV  and  with  like  intervals  of  time 
between  them.  The  results  obtained  were  the  same  as  with  the  Rubi- 
con except  that  positive  infection  with  Glom.  rufomaculans  from 
apple  was  not  obtained  before  Sept.  7.  Inasmuch  as  the  Paradise 
Sweet  is  a late  variety  this  indicates  the  greater  resistance  of  late 
over  early  varieties. 


TABLE  IV 


vSpecies  of 
fungus 

No.  fruits 

inoculated 

Dates  of 
inoculation 

Results  from 
inoculation 

12  species  nameil  below 

6 fruits 

June  2 

June  12,  all  healthy 

12  species  iiaineil  lielow 

for  each 
organism 

i i 

June  6 

June  21,  all  healthy 

Glomerella  rufomaculans 
from  apple 

8 

June  14 

June  26,  all  typical  bitter  rot 

11  other  species  named 
below 

8 

i i 

“ all  healthy 

Glom.  rufomaculans 
from  apple 

8 

June  27 

June  Id,  all  typical  bitter  rot 

Glom.  rufomaculans 
from  sweet  pea 

10 

i i 

‘ ‘ 8 fruits  show  small  spots 

Gloeosporium  from 

!Mav-apple 

10 

i 1 

‘ ‘ 2 fruits  are  healthy 

‘ ‘ same  as  above 

9 other  species  named 
below 

10  fruits 

. * 

‘ ‘ all  healthy 

Glom.  rufomaculans 
from  a])ple 

tor  eacn 
organism 

8 

July  7 

Aug.  2,  all  typical  bitter  rot 

it  i 1 

Glom.  rufomaculans 

from  sweet  pea 

10 

i 

Gloeosporium  ofiicinale 

10 

“ 

i i ( ( 

Gloe.  gallarum 

10 

‘ ‘ 

i i i , 

Gloeosporium  sp.  from 
Mav  apple 

10 

“ 

i ( 1 1 

i i i 1 

Colletotrichum  phonioides 

10 

“ 

‘ ‘ all  very  small  spots,  but 

Gloe.  idperatum 

10 

typical  bitter  rot 

C.  gloeosporioides 

10 

‘ ‘ very  small  spots  but  not 

Glom.  gossvpii 

10 

^ ‘ 

typical  bitter  rot 

Gloeosporium  sp.  from 

‘ ‘ same  as  above 

I*o]>iiliis  (leltoi<les 

10 

‘ ‘ all  healthy 

( < it' 

C.  lindemuthianum 

10 

C.  lagenarium 

10 

i i it 
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Field  inoeidatioiis  were  also  carried  on  with  Kieffer  peai  j-ruits. 
The  latter  being  a variety  which  ripens  very  late,  positive  infection 
on  the  fruit  with  six  of  the  organisms  could  not  be  obtained  earlier 
than  Oct.  6.  The  above  fungi  which  produce  the  anthracnose  disease 
of  the  sweet  pea  and  the  bitter  rot  on  the  apple  also  produce  typical 
bitter  rot  on  the  Kieffer  pear. 

The  foregoing  experiments  have  conclusively  proved  that  the  an- 
thraenose  disease  of  the  sweet  pea  is  identical  with  Glom.  ru.fo  macula  ns 
which  produces  the  bitter  rot  of  the  apple.  Moreover,  the  six  organ- 
isms above  mentioned,  which  were  previously  considered  as  distinct 
species,  are  now  shown  through  the  above  experiments  to  be  identical 
with  Glom.  rufomaculans,  since  they  readily  produce  the  typical  an- 
thracnose disease  on  the  sweet  pea  and  the  bitter  rot  of  the  apple  and 
the  pear  fruits  on  the  tree.  The  experiments  further  indicate  the 
saprophytic  nature  of  Glom.  rufomaculans^jQ  since  no  infection  could 
be  obtained  on  very  young  apples  or  Kieffer  pear  fruits  on  the  tree. 
In  the  Delaware  bulletin  just  referred  to  an  explanation  is  given  of 
the  causes  of  the  difference  in  resistance  between  different  varities 
of  the  same  fruits  and  between  young  and  older  fruits  of  the  same 
variety.  If  we  look  for  an  explanation  as  to  why  Glom.  gossypii  in- 
fects sweet  peas  and  fails  to  infect  apples  and  pears  on  the  tree  but 
readily  infects  the  same  fruits  when  they  are  picked  and  placed  in 
moist  chambers  in  the  laboratory,  we  are  brought  to  the  following 
theory:  It  seems  that  the  Glom.  cjossypU  at  one  time  was  identical 
with  Glom.  rufomaculans,  but  that  through  long  association  with  the 
cotton  plant  it  has  become  so  modified  in  its  habits  as  to  make  it  a phy- 
siological species  capable  of  infecting  the  sweet  pea  and  possibly  other 
hosts,  but  having  lost  the  power  to  infect  the  apple.  From  this  it 
would  seem  that  it  is  the  cell  contents  of  the  host  which  may  in  some 
eases  modify  the  physiological  habits  of  an  organism.  To  refute  the 
above  statement  it  could  not  be  argued  that  the  sweet  pea  can  be  in- 
fected by  all  si:)eeies  of  Gloeosporium.  This  is  not  the  ease,  since 
experiments  have  proven  that  only  the  organisms  which  infect  the 
apple  can  also  infect  the  sweet  pea,  with  the  above  exception. 

The  writer  hopes  to  continue  experiments  along  these  same  lines 
with  the  object  of  finding  out  whether  certain  other  supposedly  differ- 
ent species  of  the  Glonierella  type  are  not  one  and  the  same. 

Mode  of  Infection  and  Period  of  Incubation.  The  anthrac- 
nose of  the  sweet  pea  is  mainly  a disease  of  the  tender  parts  of  the 
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plant.  Infection  starts  at  the  tips  and  the  fungus  works  downwards 
invading  both  stems  and  leaflets  until  it  reaches  a node  on  the  older 
parts  of  the  stem,  where  it  is  stopped  in  its  course.  It  is  not  infre- 
quent, however,  to  find  whole  branches  dying,  and  sometimes  the 
entire  plant  is  involved.  In  such  cases  it  has  been  found  that  the 
plant  is  suffering  from  insect  attacks,  either  by  plant  aphids  {Aphis 
sp.),  or  more  especially  the  red  spider,  {Tetranychus  himacuJatus 
Haw.).  These  help  the  fungus  both  by  weakening  the  host  plant  and 
by  distributing  the  spores  over  its  surface.  The  spores  when  ger- 
minating have  no  difficulty  in  penetrating  the  oldest  parts  of  the  host 
if  it  has  been  punctured  by  these  insects.  This  explains  why  the 
plants  suffer  most  during  the  hot  dry  weather,  since  at  that  time  the 
aphids  are  most  abundant.  Infection  often  begins  with  the  blossoms 
at  the  junction  between  the  flower  and  the  peduncle,  in  which  ease 
the  blossom  shrivels.  The  pods,  also,  even  those  which  are  nearly  ripe, 
are  often  seen  to  be  badly  affected.  Here,  too,  the  aphids  will  be  found 
to  have  opened  the  way  for  the  fungus.  These  symptoms  are  observed 
in  the  field  when  infection  takes  place  naturally,  or  in  the  laboratory 
where  the  plants  are  artificially  inoculated  with  Glom.  nifoinaculans 
from  the  sweet  pea.  The  same  mode  of  infection  and  the  same  symp- 
toms are  observed  with  the  other  organisms  which  are  capable  of  in- 
fecting the  sweet  pea. 

The  spores  of  Glom.  rufomaculans  from  the  sweet  pea  usually 
germinate  in  from  six  to  twenty-four  hours,  according  to  the  amount 
of  moisture  in  the  atmosphere.  The  germ  tubes  enter  the  host  by 
breaking  through  the  epidermal  cells  of  either  leaf  or  stem.  In  case 
the  spore  lodges  on  a stomate,  the  germ  tube  grows  away  and  avoids 
entrance.  It  may  be  that  the  gases  which  are  given  off  at  the  stomates 
are  toxic  and  prohibit  the  entrance  of  the  germ  tube,  which  often 
breaks  through  the  epidermal  cells  as  soon  as  the  spore  germinates. 
At  other  times  the  spore  germinates  by  sending  out  a short  germ  tube 
which  forms  an  appressorium  which  attaches  to  the  epidermal  wall. 
This  appressorium  is  then  seen  to  germinate,  its  germ  tube  breaking 
through  the  epidermal  cell. 

The  period  of  ineiibation  varies  from  three  to  five  days  according 
to  the  amount  of  moisture  in  the  atmosphere,  The  aeervuli  appear 
within  five  days  after  wilting  begins  unless  the  weather  is  dry,  when 
they  may  not  appear  until  eight  to  ten  days  after  infection.  In  the 
field  the  sweet  pea  anthracnose  is  at  its  height  during  July  and  Aug- 


List.  This  is  also  the  time  when  the  bitter  rot  of  the  apple  makes  its 
apjLearance  in  the  orchard.  It  is  thus  easy  to  understand  how  readily 
the  natiuad  ci'oss  inoculation  may  he  effected. 

Morplwlogu  of  ihc  fungus.  The  s]iores  and  mycelium  of  the 
Gloeosporinm  of  the  sweet  ])ea  do  not  differ  fi-om  the  corresponding 
strnetnres  of  GlomcreJla  nifoutacuhi us. . Sheldon  first  observed  endo- 
spores  of  the  Gloeospoi-inm  of  the  sweet  ])ea  in  i)ure  cultures,  and  the 
writer  lias  observed  the  same  structures  in  hanging  drop  and  plate 
cnllnres  of  GlouicrcUa  rufouiacula us  from  the  apple  and  the  sweet 
pea,  G.  olficiualc  and  G.  p.si<lli. 

The  formation  of  endospores  is  as  follows:  In  some  of  the  mycelial 
threads  the  protoplasmic  content  rounds  itself  into  one  or  more  cells, 
resembling  ehlamydospores.  At  the  tip  end  of  these  cells  a filament 
gi'ows  out  within  the  empty  part  of  the  mycelial  thread  and  at  the 
tip  of  this  filament  the  endospore  is  formed  in  the  same  manner  as  the 
conidia  on  the  conidiojihores  of  a Gloeos])orinm.  The  endospore  is 
broken  off  and  pushed  forward  for  the  foianation  of  a new  one.  Fur- 
ther studies  are  necessiiry  to  determine  the  conditions  necessary  for 
endospore  formation.  The  spores  of  G.  frucUgenuui,  G.  Gallarum, 
and  the  Gloeosporinms  from  sweet  ]iea  and  May  apple,-  all  germinate 
in  the  same  manner,  by  sending  out  a stout  germ  tube.  On  five  dif- 
ferent synthetic  media  these  Gloeosporinms  produce  growths  and 
fructifications  of  the  same  character.  The  spores  of  the  species  from 
guava  and  Persea  germinate  by  sending  out  a very  thin  gei’m  tube. 
They  also  differ  in  manner  of  growth  and  fructification  on  the  syn- 
thetic media  from  the  other  organisms  used.  TTntil  the  perfect  stages 
are  found,  it  appears  from  these  studies  that  we  are  justified  in  con- 
sidering G.  gnlUiruui,  G.  officinale  and  the  Gloeosporinm  from  the 
May  apple  fruit  as  one  and  the  same  with  Glouierella  rufomactilans 
(P>erk.)  Spaul.  & von  Sell,  of  the  apple  and  the  sweet  pea. 

Life  Uistorg.  In  order  to  determine  whether  the  disease  is 
carried  over  with  the  seeds  of  the  sweet  pea,  a large  quantity  of  dis- 
eased pods  were  colleeteil  and  kept  over  winter,  some  in  the  laboratory 
and  some  out  of  doors.  Spores  from  both  lots  of  materials  were  tested 
Nov.  22,  Dee.  22,  1910,  Jan.  22,  Feb.  22,  March  15,  20,  24,  April  20, 
May  21,  and  June  20,  1911.  In  all  cases  the  spores  germinated  well 
and  produced  normal  colonies  on  hean  agar.  Spores  of  cultures  ob- 
tained from  the  sowing  of  June  20,  1911,  readily  infected  healthy 


53 


sweet  pea  seedlings,  winch  were  grown  in  pots  in  the  laboratory.  This 
indicates  that  the  organism  is  carried  over  the  winter  as  viable  spores 
on  the  pods  and  on  the  seeds,  and  there  is  very  little  doubt  that  the 
disease  is  introduced  into  new  localities  through  diseased  seeds. 

MOSAIC  DISEASE  OF  THE  SWEET  PEA 

Brief  History.  The  first  study  of  the  disease  was  made  by 
Mayeri„  in  1866  on  the  mosaic  of  tobacco.  Mayer  found  that  the  dis- 
ease was  not  induced  by  insufficient  mineral  nutrients.  He  also  found 
the  disease  to  be  distributed  over  large  areas  irrespective  of  soil  con- 
ditions and  further  proved  that  the  juice  of  the  leaves  of  affected 
plants,  when  injected  into  healthy  leaves  would  reproduce  the  disease 
in  from  ten  to  eleven  days.  Mayer  found  that  a temperature  of  60° 
C.  does  not  destroy  the  infectious  nature  of  the  juice,  but  that  a tem- 
perature of  80°  kills  it.  IMayer  could  not  find  any  animal  or  fungus 
parasite  to  be  associated  with  the  disease,  altho  he  believed  fbe  true 
cause  to  be  bacteria  wbicb  could  not  be  isolated. 

In  1892  Iwanowskyij.^  confirmed  i\Iayer’s  work.  He  too  was  un- 
able to  isolate  the  specific  germ  on  artificial  media  but  states  that  he 
saw  the  bacteria  and  proved  their  presence  in  the  tissues  of  the  affect- 
ed host.  In  1894  Prillieux  and  DelacroiXj^^g  found  this  same  disease 
on  tobacco  in  France. 

In  1897  IMarehalji^  described  under  tbe  name  of  “La  mosaique 
du  tabae”  a disease  similar  in  apimaranee  to  that  described  by 
iMayeiqij.  Marehal  claims  to  have  obtained  from  diseased  leaves  a 
motile  bacillus  forming  chains  in  culture  media,  and  capable  of  re- 
producing tbe  disease  by  inoculating  with  a pure  culture. 

In  1898  Beijerinck  added  considerable  to  our  knowledge  of  this 
disease.  He  apparently  proved  the  absence  of  bacteria  in  the  devel- 
opment of  the  di.sease.  When  the  juice  of  diseased  plants  is  passed 
through  filters,  the  li(pTid,  while  remaining  perfectly  clear  and  free 
from  bacteria  still  retains  tbe  power  of  infection.  He  found  that  only 
growing  meristematic  tissue  could  become  diseased.  Among  many 
other  things  he  also  found  that  soil  from  diseased  plants  may  infect 
healthy  plants.  He  further  showed  that  the  infective  material  could 
be  transported  tbrougb  considerable  distance  without  losing  its  vir- 
ulence. He  assumed  the  virus  to  be  a non-corpuseular  fluid  like  mate- 
rial which  has  the  power  of  growth  when  in  contact  in  a sort  of  sym- 
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biosis  with  growing  cells.  He  called  it  therefore  “a  living  fluid  con- 
tagium.  ” 

In  1902  WoodSiig  concludes  that  the  disease  is  due  to  the  presence 
of  oxidizing  enzymes  in  the  plant;  these  he  designated  as  oxidase  and 
peroxidase. 

In  1904  Selbyii-  refers  to  the  mosaic  disease  of  tobacco  as  a non- 
parasitic  disease,  he,  accepting  the  conclusions  of  Sturgis  and 
Woods. 

In  a recent  paimr,  Allard^^g  has  succeeded  to  transfer  by  means 
of  inoculation  the  mosaic  of  tobacco  to  other  solanaceous  plants  of  the 
following  genera  : Nicotiana,  Lycopersicum,  Petunia,  Physalis,  Datura, 
Hyoscyamus,  Solanum  and  Capsicum.  T.  Allard  also  found  aphids 
to  be  carriers  of  the  disease. 

Mosaic  Disease  of  the  Sweet  Pea.  As  far  as  known  there  is 
no  mention  made  before  of  the  mosaic  disease  of  the  sweet  pea.  The 
writer  first  made  a study  of  the  disease  in  the  summer  of  1912  and  his 
first  published  report  appeared  in  the  Florist  Exchangeng. 

Like  the  anthracnose,  the  mosaic  of  the  sweet  pea  is  a very  impor- 
tant disease.  Both  out  door  and  greenhouse  plants  are  alike  sub- 
ject to  it. 

Symptoms.  Mosaic  is  readily  distinguishable  by  a yellow  dotting 
or  mottling  of  the  leaf,  presenting  i)i  some  instances  a beautiful  mosaic 
structure,  hence  its  name  (Pig.  41).  Affected  leaves  seem  to  linger 
for  a time  but  they  eventually  lo.se  all  Ihe:;'  clmrojfiiyll  and  soon  drop 
off.  Another  symptom  of  this  disease  is  a curling  of  ier.vcs  (Fig.  42), 
resembling  the  curling  induced  by  the  green  aphids,  but  in  this  case  the 
aphids  had  no  association  with  it.  The  disease  makes  its  appear- 
ance after  the  seedlings  are  from  three  to  four  weeks  old.  Often,  the 
disease  is  so  bad  and  the  curling  so  pronounced  that  the  plants  thus 
affected  cannot  make  any  headway  and  remain  dwarfed.  An  attempt 
is  made  by  these  curled  parts  to  produce  a few  flowers,  but  the  later 
are  borne  on  very  short  peduncles  as  compared  with  the  long  ped- 
uncles of  healthy  plants  of  the  same  variety.  Frequently,  however, 
the  affected  plants  outgrow  the  disease  entirely,  and  thus  a distinct 
line  of  demarcation  is  observed  between  the  previously  diseased  part 
and  the  healthy  part  of  the  new  growth.  At  other  times  infected 
plants  keep  on  growing  and  even  flowering,  with  the  disease  keeping 
pace. 
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Pathogenicity.  Like  peach  yellows  aud  mosaic  disease  of  tobacco 
and  tomato,  this  disease  of  the  sw^eet  pea,  too,  can  be  reproduced 
by  a puncture  with  a sterile  needle  from  the  diseased  leaf  into 


41.  Sweet  pea  iriowaic  dLscase.  (a)  (h),  leaves  showing  mosaic;  (c)  healthy. 
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a healthy  leaf.  No  organism  could  be  obtained  in  ciilture,  nor 
could  it  be  detected  with  the  microscope.  Nevertheless,  this  disease 
is  contagious,  as  is  the  peach  yellows.  Wh.n  the  disease  first  made 
its  appearance  in  our  experimental  sweet  pea  field,  the  diseased  areas 


Fig.  41 


Mosaic  disease  causing  dwarfing  of  the  plant  and  rolling  of  the  leaves. 


were  immediately  located  in  order  to  learn  something  of  its  spread. 
They  formed  two  small  areas,  one  in  ahoiit  the  center  of  the  field,  the 
other  in  the  southeast  corner.  Within  ten  days  another  survey  was 
made  and  the  whole  field  was  foiind  to  be  infected.  AVith  the  excep- 
tion of  the  dwarf  Cupid  varieties,  which  are  seemingly  immune,  all 
the  rest  were  found  to  be  affected  with  the  mosaic.  When  first  inves- 
tigating this  disease  1 thought  that,  perhaps,  this  mottling  of  the 
leaves  was  merely  a variegated  condition.  AVe  also  thought  that  per- 
haps the  curling  of  the  tender  tips  as  well  as  the  mosaic  effect  was  due 
primarily  to  the  presence  of  aphids,  which  at  the  beginning  of  the 
season  were  so  plentiful.  Experiments  were  then  undertaken  to  de- 
termine definitely  these  points.  Aceoi'dingly,  sterile  pots  with  sterile 
soil  were  isolated  in  a glass  chamber  and  the  plants  were  allowed  to 
grow  for  three  weeks  to  see  if  any  disease  would  develop  on  them. 
However,  these  plants  remained  very  free  from  any  disease.  The  pots 
with  plants  were  then  divided  into  four  lots;  into  Lot  I were  intro- 
duced a few  stem  mothers  of  aphids  from  affected  mosaic  plants  in 
the  field.  In  Lot  1 1 were  introduced  a few  stem  mother  aphids  from 
apparently  healty  plants  in  the  field.  The  plants  in  Lot  III  were 
punctured  with  sterile  needles  and  by  pricking  a mosaic  affected  leaf, 
and  then  puncturing  with  the  same  needle  the  healthy  leaves.  Lot 
lA"  was  jninctured  merely  with  the  sterile  needle,  the  plants  of  this 
lot  were  designed  to  serve  as  checks.  In  each  lot  there  were  two  pots 
with  plants  in  order  to  duplicate  each  experiment.  After  ten  days 
the  lot  which  were  inoculated  with  the  aphids  from  the  diseased  and 
healthy  plants  both  began  to  show  tlie  symptoms  of  mosaic.  This, 
therefore,  would  api)ear  to  show  that  the  mere  puncture  of  aphids 
would  be  responsible  for  the  mosaic  disease.  However,  this  is  not  the 
case,  as  we  will  soon  see.  Aloreover.  it  is  easy  to  suppose,  and  that  on 
very  good  ground,  that  the  aphids  taken  from  seemingly  healthy  plants 
in  an  infected  field  might  themselves  have  been  infected  before.  But 
this  would  be  no  valid  proof.  Lot  III.  which  was  infected  with  needle 
punctures  from  diseased  leaves,  began  after  ten  days  to  show  the 
mosaic  disease,  while  the  check  punctures  remained  all  healthy  to  the 
end  of  the  experiment.  This  definitely  proves  that  the  aphids  are  not 
the  cause  of  the  trouble  but  are  merely  the  carriers  of  the  mosaic  dis- 
ease. It  seems,  therefore,  that  any  steps  taken  to  control  the  aphids 
may  also  serve  to  control  the  mosaic.  From  this,  too,  it  is  evident 
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that  not  only  the  aphids,  but  also  any  biting  or  sucking  insect  may 
help  spread  the  disease. 

It  has  been  definitely  proven  that  the  mosaic  disease  is  contagious, 
since  it  can  be  produced  at  will  by  artificial  inoculations.  The  symp- 
toms produced  in  artificially  inoculated  plants  are  similar  to  those  in 
the  field,  namely,  a yellowish  spotting  or  mottling  of  the  leaves  and 
a tendency  of  the  leaves  of  the  tips  of  the  plant  to  curl. 

Cause  of  the  Mosaic  Disease.  Mention  has  been  made  of  pre- 
vious workers  who  with  ourselves  have  definitely  proven  the  infectious 
nature  of  the  disease.  Attempts  to  prove  the  cause  of  the  trouble 
have  resulted  in  failure.  Mayer^oo  failed  to  find  the  association  of  ani- 
mal or  fungus  parasites  with  the  disease.  He  thought  that  bacteria 
were  the  cause  of  the  disease,  but  all  inoculations  with  bacteria  culti- 
vated from  the  surface  of  diseased  leaves,  and  with  mixtures  of  dif- 
ferent bacteria  gave  negative  results. 

Beijerinekjji  disproved  the  theory  that  the  cause  of  the  trouble 
was  bacteria,  by  showiug  that  the  juice  of  diseased  plants  filtered 
through  Chamberland  filters  while  remaining  perfectly  clear  and  free 
from  bacteria  still  retained  the  power  of  infection. 

Sturgisjoo  in  his  conclusions  states  as  follows: 

“It  (mosaic)  is  not  caused  by  predaceous  insects,  nematodes,  or 
parasitic  fungi. 

“Bacteria  have  not  been  associated  with  the  disease  but  no  crit- 
ical method  for  their  isolation  or  culture  has  been  applied,  and  there- 
fore the  question  of  their  influence  cannot  at  present  be  answered. 

Woodsi23  believes  the  disease  to  be  of  a physiological  nature  and 
of  enzymic  activity.  Woods  claims  to  have  reproduced  the  disease 
several  times  by  merely  removing  the  tip  of  a rapidly  growing  plant. 

Suzukpj^  in  his  studies  of  the  so-called  mulberry  dwarf  troubles 
in  Japan  (all  evidence  seems  to  show  that  this  disease  is  of  a similar 
nature  as  our  mosaic),  concludes  that  the  principal  cause  of  the  dis- 
ease is  due  to  the  practice  of  subjecting  the  mulberry  trees  to  repeated 
low  cuttings,  thus  removing  the  reserved  food  which  is  required  for 
growth.  Woods  believes  that  it  was  the  enzyme  (peroxidase)  of  the 
leaves  that  induced  the  disease  because  he  claims  that  he  induced  the 
disease  artificially  by  injecting  into  a healthy  plant  the  juice  from 
another  healthy  plant.  Woods  found  more  peroxidase  in  diseased 
than  in  healthy  plants.  “It  is  through  the  introduction  of  the  enzyme 
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into  the  infected  host  that  pathological  changes  are  brought  about 
which  result  in  an  increase  of  the  normal  enzymes  of  the  cell  and  the 
decrease  of  available  reserve  food.  AVhen  this  condition  is  reached, 
it  is  very  difficult  for  the  plant  to  outgrow  the  trouble.”  Accepting 
this  hypothesis,  Woods  is  at  a loss  to  explain  how  the  disease  is  spread. 

In  my  investigations  repeated  trials  failed  to  reveal  the  presence 
of  either  fungus  or  bacteria  in  culture.  Nevertheless  I do  not  believe 
with  Woods  that  the  disease  is  physiological  and  enzymic.  I strongly 
believe  the  trouble  to  be  either  bacterial  or  protozoic*  and  the  patho- 
genic nature  of  the  disease  strongly  points  to  this  conclusion.  That  all 
attempts  to  obtain  a living  micro-organism  in  pure  culture  liave  failed 
does  not  argue  against  the  possibility  of  its  being  either  bacteria  or 
protozoa,  but  simply  that  our  present  cultural  or  filtering  methods 
are  not  suitable  for  its  detection  or  retention.  Previous  to  the  discov- 
ery of  Bacterium  tumefaeiens,  by  E.  F.  Smith,  no  one  suspected  the 
crown  gall  of  plants  to  be  of  bacterial  origin,  cultural  attempts  in  each 
case  failed  to  reveal  the  organism. 

As  I have  already  indicated,  Beijerinek  showed  that  the  juice 
of  diseased  plants  when  filtered  through  Chamberland  filters,  while 
remaining  clear  and  free  from  bacteria  still  retains  the  power  of  infec- 
tion. This  proof  too  does  not  argue  against  the  possibility  of  the  bac- 
terial or  protozoic  nature  of  tbe  mosaic,  because  the  former  may  be 
even  smaller  than  bacteria  and  readily  pass  tbrough  the  Chamberland 
filters.  It  is  therefore  possible  that  Beijerinek ’s  filtered  fluid  was 
contaminated  with  the  pathogen  and  this  is  why  the  filtered  fluid 
retained  its  pathogenic  nature.  Neither  can  we  accept  Wood’s  state- 
ment that  healthy  plants  when  cut  back  develop  tbe  disease  unless  we 
admit  again  of  tbe  possibility  of  contamination.  If  the  mosaic  path- 
ogen is  not  present  or  has  not  made  its  appearance  on  a certain  host, 
the  latter  can  be  cut  back  time  and  again  without  the  disease  ever 
making  its  appearance.  Before  I introduced  the  disease  through  punc- 
ture inoculation  with  diseased  tissue  in  the  laboratory,  I cut  back 
my  experimental  sweet  pea  plants  in  order  to  prevent  them  from 
growing  too  high  and  altho  I have  practiced  this  very  often  I have 
never  had  a ease  of  mosaic  develop  from  this  operation.  It  is  also 
difficult  to  believe  with  Woods  that  the  disease  is  of  a physiological 
and  enzymic  nature.  Enzymes  in  plants  are  natural  factors  of  im- 

*The  idea  of  the  protozoic  nature  of  mosaic  was  suggested  to  me  by  Dr.  T. 
F.  Manns. 
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munity  to  protect  that  plant  from  disease.  Diseased  plants  will  nat- 
urally possess  a higher  enzymic  content  just  as  much  as  the  leucocytes 
in  the  human  blood  increase  in  ease  of  wounds,  etc.  That  this  per- 
oxidase of  Woods  from  diseased  plants  should  possess  the  power  of 
infection  is  very  jiossible  as  I have  already  pointed  out  the  former 
may  be  contaminated.  That  the  peroxidase  of  healthy  plants  when 
inoculated  into  a healthy  plant  should  be  able  to  produce  the  disease 
as  Woods  claims  to  have  done,  is  probable,  only  if  we  admit  of  pos- 
sibilities of  contaminations  which  may  have  been  the  case.  As  al- 
ready stated,  the  pathogenic  nature  of  the  disease  points  to  a living 
organism  as  being  the  cause. 

In  Wood’s  enzymic  explanation  we  have  no  means  of  accounting 
for  the  spread  of  the  disease.  Under  pathogenicity  we  have  shown 
that  green  aphids  carry  and  spread  the  disease  from  leaf  to  leaf  and 
from  plant  to  plant.  This  by  itself  is  sufficient  proof  that  a living 
organism  is  the  cause  of  the  mosaic,  tor  if  as  Wood  maintains,  the 
peroxidase  of  a healthy  plant  when  inoculated  into  a healthy  host  will 
reproduce  the  disease  and  if  there  be  no  chemical  difference  between 
peroxidase  of  healthy  and  diseased  plants,  then  why  is  it  when  green 
aphids  from  perfectly  healthy  plants  are  transferred  to  healthy  sweet 
peas  the  disease  never  develops  but  the  mosaic  readily  makes  its  ap- 
pearance by  introducing  green  aphids  from  diseased  plants  to  healthy 
ones.  If  the  aphids  can  carry  the  peroxidase  from  diseased  plants  why 
do  they  not  carry  the  same  from  the  healthy  plants  while  sucking 
their  juice?  This  to  my  mind  is  the  strongest  argument  against 
Wood’s  physiological  and  enzymic  nature  of  the  mosaic,  and  on  the 
other  hand  it  strongly  points  to  the  probable  activity  of  a living  bac- 
terial or  protozoic  organism.  Aphids  are  not  the  only  agents  capable 
of  carrying  and  distributing  the  disease,  for  there  are  others  which 
may  do  it.  Among  the  biting  insects  we  have  the  “corn  root  worm 
beetle”  (Diabrotica  longicornis) , the  striped  potato  beetle  (Epicanta 
vittata)  and  several  others  which  feed  on  the  sweet  pea  and  at  the 
same  time  help  to  distribute  the  mosaic. 

Transmission  of  the  Mosaic  through  Seed  or  Soil.  Beijerinck 
claims  that  soil  around  diseased  plants  may  infect  the  roots  of  healthy 
plants.  In  order  to  determine  whether  the  disease  is  carried  in  the 
soil,  the  following  experiments  were  tried.  A number  of  sterile  pots 
were  taken  and  arranged  in  groups.  Group  A.  consisted  of  pots  filled 
with  sterile  soil,  on  the  level  surface  of  which  leaves  infected  with 
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mosaic  were  spread.  Sterilized  seeds  were  sown  on  the  surface  of  the 
leaves  and  the  infected  leaves  and  seeds  were  covered  with  a 2-inch 
layer  of  sterile  soil. 

Group  B.  consisted  of  2 pots  filled  with  sterile  soil  but  the  latter 
was  mixed  thoroughly  with  a quantity  of  mosaic  infected  leaves: 

These  pots  were  sown  with  sterilized  seeds  and  covered  with  a 2-ineh 
layer  of  sterile  soil. 

Group  C.  consisted  of  two  pots  filled  with  sterile  soil  and  sown 
with  sterile  seeds  and  then  thoroughly  watered  with  water  from  a vase 
in  which  mosaic  infected  plants  stood  for  two  days. 

Group  D.  consisted  of  two  pots  filled  with  soil  taken  from  the 
field  and  from  a spot  where  mosaic  infected  plants  grew. 

Groui")  E.  were  untreated  checks,  that  is,  two  pots  with  sterile  soil 
were  sown  with  sterile  seeds  and  placed  at  a distance  from  the  infected 
series.  All  the  pots  were  then  watered  with  distilled  water  up  to  the 
end  of  the  experiment.  The  seeds  in  all  the  groups  germinated  and  the 
plants  were  allowed  to  grow  for  ten  weeks  when  they  had  attained 
considerable  size  and  in  no  case  did  the  mosaic  appear,  thus  appar- 
ently proving  that  the  mosaic  soil  is  not  a factor  in  carrying  the  dis- 
ease. There  is  no  evidence  either  that  the  mosaic  is  carried  with  the 
seeds  for  in  no  case  did  the  disease  appear  in  the  laboratory  where 
unsterilized  seeds  were  used. 

Diseases  of  the  Sweet  Pea  not  known  to  be  present  in 

this  Country 

In  an  article  in  “The  vSweet  Pea  Annual,”  IMasseeio-,  describes 
the  following  diseases,  which  as  far  as  known,  have  not  as  .yet  made 
their  appearance  in  this  country  on  the  sweet  pea. 

Pea  Blight  (Peronospora  trifoliorum) 

Pea  Spot  (Ascochyta  pisi) 

PEA  BLIGHT,  Peronospora  trifoliorum  I)e  By. 

According  to  Massee,  this  is  the  most  destructive  disease  to 
peas,  lupines,  and  to  most  of  the  pea  family.  The  disease  may 
appear  and  spread  quickly  when  the  plants  are  onl.y  a few  inches 
high,  or  it  may  attack  older  plants.  In  dr.y  weather  the  mycel- 
ium of  the  fungus  present  in  the  tissue  spreads  throughout  the  leaf, 
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which  soon  assumes  a sickly  yellow-green  color,  and  finally  bleaches, 
shrivels  and  dies  without  showing  any,  or  only  a small  amount  of 
mould  on  the  surface.  In  damp,  dull  weather  infected  leaves  show 
yellow  patches,  which  soon  becomes  covered  on  one  or  both  surfaces 
with  a very  delicate  greyish-lilac  mould.  The  summer  spores  are  pro- 
duced on  the  leaves,  or  on  any  other  part  of  the  host.  The  winter,  or 
resting  spores,  are  imbedded  in  the  tissiie  of  the  host  that  has  been 
previously  killed  by  the  fungus.  The  resting  spores  have  a very  thick 
smooth  brown  wall.  Peronospora  viciae  is  also  stated  to  be  able  to 
produce  a disease  on  sweet  peas. 

PEA  SPOT,  Ascochyta  pisi  lAh. 

According  to  Massee,  this  disease  also  attacks  the  French  beans 
and  several  other  leguminous  crops.  The  first  indications  of  disease 
on  the  pods  is  the  appearance  of  pale  green  spots  of  variable  size  and 
irregular  shape.  These  blotches  continue  to  increase  in  size  for  some 
time  and  eventually  become  whitish,  bordered  with  a dark  line,  and 
have  the  surface  studded  with  minute  black  points  which  are  the 
pycnidia  of  the  fungus. 


C.  Diseased  Seeds 

Under  the  discussion  of  the  anthracnose  disease  I have  shown 
that  the  fungus  (Glomerella  rufomaeulans)  is  transmitted  with  the 
seed.  In  that  case  infection  starts  at  the  pods  and  the  fungus  works 
inwards  gradually  penetrating  the  seed  coat  and  the  seed  proper 
(Fig.  38).  Such  seeds  when  harvested  have  a shirveled  appearance 
and  when  planted  with  healthy  seeds  introduce  the  fungus  in  the  soil 
and  then  the  disease  begins  to  attack  the  adjacent  seedlings,  thus 
spreading  throughout  the  whole  field. 

Another  disease  that  may  be  transmitted  with  the  seeds  is  the 
“Streak”.  In  examining  infected  plants  we  can  readily  see  the  organ- 
ism (Bacillus  lathyri)  invade  the  pods  and  then  work  into  the  seeds. 
Pure  cultures  of  the  organism  may  readily  he  obtained  by  surface 
sterilizing  an  infected  pod,  picking  out  the  seed  with  sterile  forceps 
and  then  dropping  the  same  into  a plate  of  media.  We  have  as  yet 
no  data  to  prove  that  the  organism  can  survive  the  drying  when  it 
is  only  present  on  the  surface  of  the  seed  coat.  However,  as  is  often 
the  case,  the  organism  works  through  the  seed  coat  and  into  the  seed. 
Under  such  conditions  it  is  very  probable  that  it  may  be  carried  over 
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winter  while  present  in  the  seed  tissue.  Such  seeds  when  planted 
introduce  the  parasite  into  the  soil  and  from  there  the  disease  gei.;j 
a foothold  to  carry  on  its  destructive  work. 

Sweet  pea  seeds  as  we  buy  them  from  the  seedsmen  are  put  in 
small  paper  packages.  During  my  work  on  the  sweet  pea  diseases 
I had  occasion  to  open  two  thousand  of  such  packages.  In  very  few 


cases  were  all  the  seeds  plump  and  full.  A certain  percent  were  shriv- 
eled and  gave  the  appearance  of  being  diseased.  It  was  thought, 
therefore,  advisable  to  make  a study  of  such  shriveled  seeds  to  deter- 
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mine  whether  or  not  they  are  disease  carriers  and  the  nature  of  the 
l^athogens.  The  technique  employed  was  as  follows: 

Fresh  23ackages  of  sweet  peas  were  opened  and  the  percent,  of 
shriveled  seeds  in  each  package  determined,  labeled  and  separated. 
The  next  step  was  to  soak  each  lot  of  seed  with  a 5%  formaldehyde 
solntion  for  I/2  lo  wash  it  three  times  in  sterile  water  in 

order  to  remove  all  trace  of  formaldehyde.  Then  with  a sterile  for- 
cep,  each  lot  of  seeds  thns  treated  was  drojiped  into  a petri  dish  con- 
taining niitrient  agar  that  had  hecn  melted  and  cooled  to  the  proper 
tomiieratnre.  As  the  agar  solidified  the  i:)lates  were  placed  in  the  incu- 
bator and  kept  there  for  one  week.  Observations  were  made  every 
other  day  to  determine  the  percent,  of  germination  and  to  make  trans- 
fers into  slant  tubes  of  agar  of  all  fungus  or  bacterial  growth  which 
appeared  on  the  shriveled  seeds  (Fig.  43).  The  results  obtained  are 
given  in  Table  V from  which  will  l)e  seen  that  a large  percentage  of 
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Name  of  variety 
in  package 

Per  cent  of  shriv- 
ele<l  seeds  in 
package 

IVr  cent  of  grerm- 
ination  of  shriv- 
eled seeds 

Kind  of  fungfi  obtained 
from  noii-g'erminated 
shriveled  seeds 

King  Edvard  VII 

13% 

33% 

None 

Gray  Friar 

1/100% 

0 

i ( 

Aurora 

9% 

20% 

Botrytis  cinerea 

A]>p]e  Blossom 

12% 

6% 

None 

Finely  Hemlerson 

18% 

100% 

i 1 

Henry  Eekfort 

15% 

4% 

Fusarinm  sp. 

Jeannie  Gordon 

5% 

100% 

None 

Dorothy  Eekfort 

13% 

80% 

Fusarinm  sp 

Hellen  Pierce 

10% 

80% 

( ( ( ( 

Coccineae 

6% 

90% 

i ( { ( 

Katherine  Tracy 

15% 

40% 

Alternaria 

George  Herbert 

19% 

0 

Bacteria 

Black  Knight 

4% 

100% 

None 

Jeannett  Scott 

21% 

100% 

( i 

l>olibies  Mid  Bine 

3% 

100% 

i ( 

Blanche  Bnrpee 

12% 

100% 

( i 

America 

9% 

100% 

i ( 

Blanche  Ferry 

1% 

100% 

( c 

Mrs.  A.  "Watkins 

7% 

60% 

Fusarinm  sp. 

Countess  Spencer 

15% 

18% 

Botrytis 

Boltons  Pink 

1% 

Clanostachys  sp 

Countess  Cadogan 

12% 

9% 

None 

Agnes  Eekfort 

16% 

8% 

Fnsarinm 

E.  J.  Castle 

3% 

1% 

< ( 

Mrs.  Collier 

10% 

50% 

i ( 

Burpees  Midnight 

0 

0 
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the  so  called  shriveled  seeds  readily  germinated.  It  was  further  ob- 
served that  these  before  germination  became  plump  and  resembled  in 
every  respect  the  germinated  healthy  seeds  which  were  treated  in  the 
same  way  as  the  shriveled  and  were  run  as  checks.  It  seems  then 
that  shriveling  in  the  seeds  is  merely  correlated  with  a loss  of  water. 
Whether  shriveled  seeds  in  the  long  run  produce  weaker  plants  has 
not  been  determined.  Observations  so  far  have  shown  that  the  seed- 
lings from  the  germinated  shriveled  seeds  were  in  every  way  equal 
in  vigor  to  the  seedlings  of  the  germinated  plump  seeds. 

Of  the  non-germinated  shriveled  seeds,  those  which  remained 
free  from  fungous  growth  can  be  classed  as  hard  seeds  and  those  prob- 
ably would  have  germinated  if  the  seed  coat  had  been  pierced.  The 
germinated  seeds  which  showed  growth  of  fungus  or  bacteria  were  at 
once  seen  to  become  soft  and  rotted.  Of  the  organisms  isolated  from 
the  non-germinated  seeds  there  were  two  species  of  Fusaria,  one  species 
of  Alternaria,  one  species  of  Clonostachys,  Rhizopus  nigricans  and 
Botrytis  cinerea.  These  after  repeated  trials  failed  to  infect  healthy 
sweet  pea  seedlings,  thus  seemingly  proving  that  they  are  saprophytes 
and  of  secondary  nature.  Their  presence  on  some  of  the  weak  and 
non-germinated  seeds,  no  doubt  helped  in  the  decay  of  the  former,  but 
they  fail  to  play  the  role  of  active  parasites  on  growing  plants. 

II.  Bacterial  Diseases 

So  far  only  one  kind  of  bacterial  disease  of  the  sweet  pea  has 
been  observed  and  that  is  the  “streak”  disease.  This  has  been  deter- 
mined to  be  caused  by  a newly  described  organism,  viz.  Bacillus  lathyri 
Manns  and  Taubenhaus. 

STREAK  IN  ENGLAND 

Historical.  In  correspondence  with  Mr.  T.  A.  Weston  of  Or- 
pington, England,  the  former  states  that  the  disease  was  first  observed 
by  H.  J.  Digges  of  Dublin  in  about  1904  or  1905. 

In  1906  T.  A.  Weston^^os  gave  the  name  of  “streak”  to  the  dis- 
ease referred  to  above  (the  cause  of  the  disease  was  not  given).  In 
1908  Masseei27  in  a letter  to  a correspondent  who  had  sent  in  diseased 
specimens  replied,  “the  disease  is  of  a physiological  nature”  and 
“brought  about  by  over  feeding.”  In  1912  Chittenden;^2g  believed 
that  the  fungus  Thielavia  basicola  was  the  cause  of  the  “streak”. 
For  the  first  two  years  of  his  inoculation  experiments  Chittenden 
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failed  to  iufeet  healthy  seedlings  with  the  Thielavia  fnngus.  It  was 
only  by  overwateriiig  his  i)lants  that  he  succeeded  in  getting  some  root 
infection,  as  he  states:  “To  sum  up,  as  far  as  our  experiments  go,  the 
‘streak’  disease  is  brought  about  by  the  attack  of  the  fungus  Thielavia 
basicola  on  plants  that  have  received  some  check  at  the  root.”  Chit- 
tenden has  failed  to  reproduce  the  typical  “streak”  but  merely  the 
Thielavia  root  rot  as  I have  already  indicated  under  my  description 
of  the  above  fungus.  In  the  same  year  Masseejao  again  studied  the 
disease  and  attributed  it  to  Thielavia  l)asicola. 

In  11)12  Dykejgo  found  Macrosporium  solani  constantly  associa- 
ted with  the  disease,  and  believed  it  to  be  the  cause  of  the  trouble. 

STEEAK  IN  THE  PNITED  STATES 

As  far  as  I know,  up  to  1913  there  were  no  American  references 
to  this  disease. 

Massee ’Si3i  shoit  note  led  me  to  believe  that  the  disease  was  phy- 
siological. Undei-  iMosaic  disease,  1 have  shown  that  some  workers  be- 
lieved it  to  be  a physiological  disease.  While  working  on  the  mosaic, 
and  having  the  “sti'eak”  in  mind,  I^go  made  the  following  statement: 

“In  England  the  sweet  peas  sutler  from  a disease  known  as 
‘streak’.  This  disease  is  very  much  dreaded  by  Eiiglish  gardeners, 
as  it  causes  great  lo.sses.  From  the  description  given  of  that  disease 
it  seems  to  be  similar  to  the  new  mosaic  di.sease  of  this  country.  How- 
ever, we  refrain  from  passing  final  judgement  until  we  have  the  op- 
portunity of  seeing  the  English  specimens  and  of  making  compari- 
sons. In  England  the  streak  disease  is  attributed  to  a fungus  Thiel- 
avia basicola,  which  attacks  the  roots.  In  our  investigations  we  have 
not  found  the  Thielavia  fungus  or  any  other  organism  associated  on 
the  roots  of  mosaic  affected  plants.  In  fact,  such  affected  plants  were 
found  to  have  as  normal  a root  with  as  much  in  the  way  of  legume 
nodules,  as  the  healthy  ones.  If  our  mosaic  disease  proves  to  be  the 
same  as  the  streak  disease  of  England,  it  will  be  safe  to  a.ssume  that 
the  Thielavia  in  England  is  secondary  and  merely  follows  the  already 
weakened  mosaic  affected  plant.” 

The  above  was  published  on  July  20,  1912,  and  the  statement 
was  made  before  the  American  Sweet  Pea  Society  at  Boston  early  in 
July  of  the  same  year. 

In  the  middle  of  July  of  1912,  I first  noticed  a peculiar  disease  on 
the  stems  of  sweet  peas  grown  in  our  experimental  field.  The  disease 
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was  characterized  by  dark  streaks  running  along  the  stems.  This  sug- 
gested at  once  the  possibility  of  its  being  the  “Streak”  disease  of  Eng- 
land. Diseased  specimens  were  brought  in  the  laboratory,  and  micro- 
scopical crush  mounts  were  made,  but  no  organism  was  found  that 
would  give  any  clue  as  to  the  nature  of  the  trouble. 

In  submitting  specimens  to  Prof.  IManns  and  in  consultation  with 
him,  it  was  suspected  that  the  trouble  might  be  of  bacterial  origin. 
We  at  once  started  to  make  cultures  from  the  diseased  material  and  a 
pure  culture  of  a yellow  bacterium  was  obtained.  Platings  made  from 
diseased  material  from  widely  separated  gardens  gave  a pure  cidture 
of  the  same  bacterial  organism.  Cultures  made  from  diseased  mate- 
rial sent  in  by  AYm.  Sims  of  Boston,  Alass.  and  by  T.  A.  Weston  of 
Orpington,  England,  all  gave  an  organism  similar  to  that  isolated 
from  the  home  material.  Stains  made  of  this  organism  revealed  a 
bacillus  sp.  In  the  meantime  Prof.  Alanns  recalled  that  he  had  seen 
a similar  streak  disease  on  clovers  in  Ohio.  A search  for  plants  in- 
fected in  this  way  showed  it  upon  clovers  and  upon  some  other 
leguminous  plants  in  the  vicinity  of  Newark,  Del. 

Inoculations  made  with  the  bacterial  organism  on  the  sweet  pea 
reproduced  the  typical  “streak”  disease.  That  the  “streak”  is  pre- 
sent and  widespread  in  the  United  States  there  is  no  doubt.  I have 
seen  it  in  widely  different  localities  in  Delaware,  in  Pennsylvania,  in 
Massachusetts,  and  in  New  York.  A letter  addressed  to  me  by  C.  C. 
Morse  & Co.,  of  California,  gives  the  folowing  information : 

“The  ‘streak’  disease  has  not  appeared  in  California  as  yet,  and 
this  is  accounted  for  by  the  fact  that  gi'owers  so  far  have  not  gotten 
into  methods  of  over-manuring  their  grounds.” 

As  previously  stated,  the  American  literature  contains  no  refer- 
ence to  the  disease.  Manns  and  Taul)enhaus*  published  their  fir.st 
account  of  the  disease  in  the  Gardeners’  Chronicle  of  England,  an- 
nouncing the  “streak”  as  being  a bacterial  disease  and  the  parasite  a 
newly  described  bacillus,  giving  it  the  name  of  Bacillus  lathyri. 

" SyniptonisA  Like  the  Bacteriosis  of  beans,  streak  makes  its 
appearance  in  the  season  of  heavy  dew.  On  the  sweet  pea  the  disease 
usually  appears  just  as  the  plants  begin  to  blossom ; it  is  manifested  by 

*Maniis,  T.  F.,  amt  Taubeiihaus,  J.  J.  “ Streak,  a Bacterial  Disease  of  the 
Sweet  Pea  and  Clovers.  ’ ’ The  GarJ.  Chroii.,  London,  Apr.  5,  191.1. 

t Abstracted  from  above  article. 
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light  reddish-brown  to  dark  brown  spots  and  streaks  (the  older  almost 
purple)  along  the  stems,  having  their  origin  usually  near  the  ground, 
indicating  distribution  by  spattering  rain  and  infection  through  the 
stomata.  The  disease  becomes  quickly  distributed  over  the  more  ma- 
ture stems  until  the  eaml)ium  and  deeper  tissues  are  destroyed  in  con- 
tinuous areas,  when  the  plant  i^rematurely  dies.  Prom  the  stems  the 
disease  spreads  to  the  petiole,  flower,  peduncles  and  pods.  The  symp- 
toms in  these  cases  being  similar  to  those  on  the  stems.  On  the  leaves, 
however,  the  disease  appears  as  small  roundish  spots  which  gradually 
coalesce,  and  eventually  involve  the  entire  leaf,  which  when  killed 
presents  a brownish  dark  appearance.” 

Pathogenicity.  The  pathogenicity  of  the  causative  organism 
may  be  proven  by  diluting  a pure  culture  of  the  organism  in  sterilized 
water  and  by  spraying  on  the  plants  with  an  atomizer.  This  should 
be  done  in  the  evening  when  the  temperature  is  cooler  and  there  is 
less  chance  for  evaporation  of  the  api)lied  infectious  liquid. 

The  dbsease  makes  its  appearance  from  seven  to  ten  days  after 
artificial  infection  and  the  symptoms  are  similar  to  those  produced 
in  nature.  The  organism  may  be  reisolated  from  the  artificially  in- 
fected plants  and  the  disease  induced  again  at  will  on  healthy  plants, 
in  each  case  the  check  remaining  healthy. 

Natural  or  artificial  infection  can  only  take  place  on  mature 
plants  which  have  started  to  bloom.  All  attempts  to  inoculate  plants 
in  all  stages  of  growth  previous  to  the  blooming  has  failed.  It  seems 
that  the  host  possesses  certain  protective  properties  previous  to  the 
blossoming  which  inhibits  the  growth  of  the  parasite.  Failure  to  in- 
fect young  plants  was  not  due  to  abnormal  conditions  or  to  bad  tech- 
nique. The  disease  in  the  field  does  not  make  its  appearance  until  the 
plants  have  started  to  blossom. 

Isolation  and  Morphological  Studies.  Over  1,500  plate  cul- 
tures of  beginning  or  young  lesions  were  made  from  the  several  hosts. 
The  organisms  may  almost  invariably  be  taken  in  abundance  in  pure 
cultures  from  the  beginning  lesions  in  the  stems  of  sweet  peas  when 
the  surface  is  properly  sterilized. 

The  isolation  work  readily  indicated  the  parasite  to  be  a bacter- 
ium; a yellow  organism  which  grows  luxuriantly  upon  all  the  nutrient 
media,  and  especially  rapid  upon  nutrient  media  containing  sugars. 


69 


On  standard  nutrient  glucose  agar  the  colonies  appear  within  24  to  36 
hours.  The  center  becomes  granular  and  the  colonies  have  a marked 
tendency  to  become  stellate  or  auriculate. 

Morphological  studies  show  the  organisms  to  be  a comparatively 
small  rod-shaped  bacillus,  which  in  fresh  cultures  is  rarely  found  in 
chains,  and  seldom  united  in  twos  or  fours.  The  flagella  are  not  easily 
demonstrated ; they  are  shed  so  readily  that  usually  not  more  than 
two  to  five  may  be  stained,  and  these  are  generally  quite  short.  How- 
ever, when  proper  material  is  selected,  carefully  fixed  and  stained, 
the  flagella  may  be  demonstrated  to  be  very  long  and  delicate,  and  to 
number  8 to  12,  well  distributed  peritrichially*. 

III.  Physiological  Diseases 

By  physiological  diseases  of  the  sweet  pea  we  mean  all  disturb- 
ances in  the  plants  which  are  not  induced  by  fungi,  bacteria,  in- 
sects, or  any  other  parasites  but  is  exi^ressed  in  a disturbance  in  the 
metabolism  of  the  plant.  This  disturbance  seldom  results  in  the  sud- 
den death  of  the  plant. 

Under  Physiological  diseases  I will  consider  the  following  two 
troubles:  1.  Bud  drop.  2.  Arrested  development. 

BUD  DPOP 

As  the  name  implies  the  young  flower  buds  at  a very  early 
age  turn  yellow  and  droii  off.  This  drop  should  not  be  con- 
fused with  the  drop  produced  by  the  authracnose  disease.  In  the 
latter  case,  the  flower  develops  into  a normal  spike  but  it  is  attacked 
soon  by  the  fungus  Glomerella  rufomaculans  which  girdles  it  at  a 
point  of  attachment  between  the  flower  and  the  peduncle.  In  this  case 
the  flower  often  drops  off  leaving  behind  the  beheaded  peduncle.  In 
the  latter  case,  however,  the  minute  young  flower  bud  never  develops, 
instead  it  turns  yellow  and  drops  off. 

There  seems  no  doubt  that  the  drop  is  a phj’siologieal  disease  and 
is  induced  by  an  unbalanced  condition  of  food  elements  in  the  soil. 
This  may  occur  in  a soil  that  has  been  excessively  fed  or  in  a soil  that 
is  lacking  in  plant  food. 

The  following  extract  of  a letter  from  a grower  whose  plants  have 
suffered  severely  from  the  drop  and  who  gives  the  history  of  his  soil 

*A  more  detailed  account  of  this  organism  will  soon  appear  in  a Delaware 
Bulletin  liy  Dr.  T.  F.  iManns. 
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treatment  will  help  to  confirm  the  physiological  nature  of  the  disease. 

“The  soil  is  rich  and  is  located  in  a valley  near  a creek,  the  sub- 
soil is  similarly  rich  but  is  not  of  a mucky  nature.  Before  sowing  the 
peas  the  field  was  trenched  and  a thick  layer  of  pig  manure  mixed 
with  a little  hen  manure  was  put  at  the  bottom  of  the  trench.  The 
manure  was  mixed  up  with  soil  in  the  trench  and  the  seeds  sown 
thereon.  After  germination  and  when  the  plants  reached  from  8 to  10 
inches,  a commercial  fertilizer  (kind  of  fertilizer  not  stated)  was 
worked  in  at  both  sides  of  the  row.  A short  time  before  blooming,  a 
layer  of  coarse  stable  manure  was  put  aroiuid  the  plants  to  serve  as 
a mulch.  During  blossoming  time  the  flower  buds  began  to  drop  off 
heavily  and  what  promised  to  be  a successful  crop  of  blooms  looked  as 
though  it  would  result  in  total  failure.”  It  is  hei’e  very  evident  that 
the  i^lants  were  supplied  with  too  much  nitrogenous  matter  but  with 
little  of  potash  and  other  mineral  elements. 

Cidtures  made  from  these  fallen  buds  failed  to  produce  an  organ- 
ism of  any  kind. 

In  order  to  remedy  this  trouble  Prof.  T.  F.  Manns  suggested  the 
application  of  150  lbs.  muriate  of  potash  and  600  lbs.  acid  phosphate 
per  aci'o.  This  treatment  was  followed  out  by  the  grower  and  the 
drop  ceased  within  a week  resulting  in  a perfect  crop  of  flowers. 

On  poor  soils  I have  often  seen  this  same  “flower  drop”  and  it 
is  also  especially  evident  where  sweet  peas  are  grown  in  pots  and  in 
poor,  light,  gravelly  soil  in  the  laboratory.  An  application  of  a bal- 
anced fertilizer  to  these  i)ots  readily  helloed  the  plant  to  overcome 
the  bud  drop. 


xVRRESTED  DEVELOPMENT 

This  trouble,  too,  is  a physiological  disease  and  is  indiieed  by  the 
use  of  excessive  fertilizers.  The  following  facts  from  the  letter  of 
a grower  who  has  suffered  from  this  trouble  will  also  help  to  confirm 
the  belief  in  the  physiological  nature  of  the  disease. 

The  seeds  were  sown  Nov.  1st  in  pots  and  planted  Dee.  15  in 
the  beds  in  the  greenhouse.  Previous  to  the  planting  the  beds  were 
well  manured  with  horse  manure  which  was  applied  six  months  before 
planting.  Besides  this,  wood  ashes  were  also  applied  to  the  beds  at 
the  rate  of  1500  lbs.  to  4500  sq.  feet  of  bed  space.  This  would  be 
equivalent  to  nearly  seven  and  one-half  tons  per  acre.  About  one 
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month  after  planting  some  of  the  plants  turned  yellow  and  died. 
Upon  examining  the  dead  diseased  specimens  the  plants  were  found 
to  be  dwarfed  with  a sickly  yellowish  appearance.  The  roots  pre- 
sented a burned  appearance  suggesting  the  attacks  of  Thielavia. 
Microscopical  examinations  and  cultures  made  from  the  diseased  tis- 
sue did  not  reveal  the  presence  of  any  parasite  which  could  be  asso- 
ciated with  the  soil.  In  submitting  some  of  the  soil  to  Prof.  T.  P. 
Manns  for  examination,  he  found  it  strongly  alkaline.  Hard  wood 
ashes  contain  about  30%  caustic  lime  and  from  5 to  12%  potash.  Ac- 
cording to  Prof.  l\Ianns  it  was  the  excess  of  these  elements  in  the  soil 
that  made  it  so  highly  alkaline,  and  this  condition  injuriously  affect- 
ed the  plants.  This  kind  of  injury  could  be  considered  purely  phy- 
sical since  it  is  brought  about  by  the  exposed  surface  of  the  roots  to 
an  alkaline  substance.  Nevertheless  any  injury  which  interferes  with 
the  metabolism  of  the  roots  is  reflected  in  a derangement  of  the  meta- 
bolism of  the  plant.  The  resulting  injury  is  therefore  of  a physical 
nature. 

As  a remedy  for  this  trouble  Prof.  Manns  advises  the  use  of  acid 
phosphate,  followed  by  a good  drenching  of  water.  This  will  neu- 
tralize the  alkaline  effect  of  the  soil  and  also  help  to  balance  the  plant 
ration. 


METHODS  OF  CONTROL 

Under  methods  of  control  the  following  lines  of  investigation 
have  been  carried  on  : 

Resistant  varieties 

Seed  treatment 

Treatment  of  soil  with  chemicals 

Studies  of  the  fungicidal  value  of  some  chemical  poisons 

Formaldehyde  treatment  of  soil 

Steam  treatment  of  soil 

RESISTANT  VARIETIES 

To  test  out  the  resistance  of  different  varieties  of  the  same  host 
to  a certain  parasite,  the  general  practice  is  to  plant  in  the  field  the 
varieties  to  be  tested  and  to  allow  full  sway  to  the  natural  causes  of 
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infection.  At  the  end  of  the  growing  season  an  estimate  is  taken  of 
the  per  cent  of  infection  of  each  variety  and  on  that  basis  a scale  of  re- 
sistance is  formnlated.  While  this  method  by  itself  is  fairly  val- 
uable, the  method  nevertheless  is  unre]ial)le  because  a certain  va- 
riety which  under  the  above  test  proves  highly  immune  or  highly  sus- 
ceptible to  disease  will,  under  different  conditions  of  climate,  etc.  prove 
the  opposite  of  what  it  has  promised  to  he  in  its  first  trial.  The  reason 
is  very  obvious.  No  two  varieties  are  alike  as  well  as  no  two  individu- 
als are  alike.  Conditions  in  the  field  are  not  always  ideal  for  every 
variety  of  a certain  host  to  become  susceptible  to  disease.  If  this  were 
the  case  we  would  have  all  our  crops  ravaged  by  pests.  In  order  to 
make  a reliable  test  of  the  resistance  of  different  varieties  it  is 
neee.ssary  to  have  the  same  conditions  of  soil  and  care  and  then  to 
submit  the  vai’ieties  to  the  severest  test  by  making  all  conditions  ideal 
for  the  parasite  to  attack  the  2:)lants.  To  carry  out  this  idea,  I planted 
100  sweet  pea  seeds  of  each  variety  to  he  tested  in  sterile  soil  and  pots 
in  the  laboratory.  Previous  to  the  planting,  the  seeds  were  sterilized 
by  Ijeing  soaked  in  a 5%  formaldehyde  for  i/o  hr.  The  seeds 
of  the  different  varieties  did  not  all  geianinate  evenly  due  to 
the  hardness  of  the  seed  coats  in  some  seeds  hut  eventiially  they 
all  germinated.  When  the  plants  were  eight  weeks  old  each  pot 
with  its  different  variety  was  well  watered  and  then  covered  with 
a bell  jar.  The  latter  was  sterilized  by  being  previously  washed 
with  a 1-1000  mercuric  hi-chloride  solution  and  then  rinsed  with 
distilled  water.  The  plants  remained  under  the  hell  jars  for  48 
honrs,  where  all  were  seen  to  be  uniformly  covered  with  drops 
of  water.  A large  amount  of  moisture  accumulated  under  the  bell 
jars  and  this  was  plainly  visible  by  the  drops  of  water  standing  on 
their  walls.  Under  such  conditions  of  moisture  as  described  above, 
infection  readily  takes  place.  The  infecting  material  chosen  for  this 
purpose  was  the  fungus  Glomerella  rufomaculans,  which  causes  the 
anthracnose  disease.  Accordingly  a heavy  suspension  of  spores  from 
a pnre  culture  was  diluted  in  sterilized  water  and  then  applied  to  the 
plants  by  means  of  an  atomizer.  The  inoculated  plants  were  covered 
again  for  48  hours.  After  that  the  bell  jars  were  removed  and  the 
plants  left  uncovered.  The  result  of  the  experiment  is  given  in 
Table  VI. 

From  Table  VI  it  is  seen  that  of  all  of  the  varieties  tested  not  one 
of  them  proved  to  he  entirely  resistant.  On  the  other  hand  it  is  seen 
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tha't  the  percent  of  infection  differs  with  the  variety.  This  means 
then  that  in  each  variety  there  are  certain  individual  plants  which 
are  resistant  to  this  particular  fungus  tested.  Attempts  were  made 
to  reinfect  those  plants  which  remained  healthy  after  the  first  inocu- 
lation and  it  was  found  that  nearly  50%  in  each  case  was  infected 
and  the  rest  remained  resistant  and  continued  to  grow  well.  This  con- 
clusively shows  that  while  no  one  variety  is  entirely  immune  to  a dis- 
ease yet  there  are  nevertheless  certain  individuals  of  that  variety 
which  have  developed  the  power  of  resistance.  It  is  well  known  that 
if  a plant  is  resistant  to  a particular  disease,  it  may  be  very  susceptible 
to  another  disease.  The  problem,  therefore,  is  to  test  the  desired  va- 

TABLE  VI 


Name  of  variety  {seed- 
ling’s six  weeks  old) 

Fung'us  used  ^spores  in  sus" 
pension  of  water) 

Per  cent  of 
infection 

King  Edward 

Glomerella  rufomaculans 

90% 

Gray  Friar 

i i it 

80% 

Aurora 

i i ( t 

9.3% 

Apple  Blossom 

i i i i 

90% 

Enielv  Henderson 

i i i 1 

40% 

Henry  Eekfort 

i i it 

100% 

Jeannie  Gordon 

Li  i i 

98% 

Dorothy  Eekfort 

i i ( i 

100% 

Helleu  Pierce 

i i ( i 

91% 

Coccineae 

( i i i 

70% 

Katherine  Traev 

i > i ( 

70% 

George  Herliert 

i i ( i 

(307c 

Black  Knight 

it  i ( 

807o 

Jeanett  Scott 

i i i i 

7-2% 

Doblde  Hid  Blue 

1 ( i ( 

40  7o 

Blanche  Burpee 

i i i i. 

907o 

America 

i 1 (.  i 

1007c 

Blanche  Ferry 

!,  i i i 

100  7o 

Mrs.  A.  Watkins 

i i i i 

100% 

Countess  Spencer 

i ( it 

907c 

Black  Michael 

it  it 

60  7o 

Bolton 's  pink 

i i i i 

807c 

Countess  Cadogan 

i i ( i 

100% 

Mrs.  Bieberstedt 

i i i i 

20% 

Agnes  Eekfort 

i i it 

100% 

Burpees  Dainty 

i ( i 1 

100% 

E.  J.  Castle 

it  i ( 

1% 

Glady's  Hnion 

1 i it 

47c 

Captain  of  the  Blues 

( ( i i 

607c 

Duke  of  M’estminster 

i i i i 

807c 

Mrs.  Collier 

i i it 

707c 

Burpees  Midnight 

i i i ( 

407c 

rieties  with  all  the  known  diseases  to  which  they  are  subject.  In  these 
tests  all  the  immune  individuals  must  be  selected  and  by  crossing  and 
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selecting  we  will  build  iip  a strain  which  will  possess  complete  immun- 
ity to  all  or  at  least  to  most  of  the  diseases  to  which  that  variety  is 
subject. 


SEED  TREATMENT 

I have  previously  shown  that  the  sweet  pea  seeds  are  capable  of 
carrying  and  of  introducing  one  of  the  most  dreaded  diseases  of  the 
sweet  pea,  namely,  the  anthracnose  (Glomerella  rufomaculans) . 
Sweet  ]»ea  seeds  were  also  found  to  cai'ry  several  species  of  fungi 
which  seem  to  be  unable  to  assume  the  role  of  parasites.  Nevertheless, 
the  time  may  come  when  these  fungi  may  become  parasites  of  the 
sweet  pea. 

It  was,  therefore,  thought  necessary  to  devise  some  means  of 
treating  the  seeds  which  woud  kill  all  external  as  well  as  internal 
parasites,  and  at  the  same  time  not  inhibit  the  germinative  power  of 
the  same.  The  following  ai-e  the  methods  which  have  been  tried : 

Effect  of  temperature 

Effect  of  sulphuric  acid  treatment 

Effect  of  formaldehyde  treatment 

Effect  of  Temperature  on  Seed.  In  order  to  test  the  effect 
of  temperature  the  following  experiments  were  tried.  Ten  differ- 
ent varieties  were  thoroughly  mixed  and  lots  of  100  seeds  each  were 
picked  out  and  piit  in  pieces  of  cheese  cloth  and  'tied  up  with  a string. 
The  experimental  temperatures  of  the  water  used  were  boiling  water, 
90°,  80°,  and  60°  C.  The  seeds  were  immersed  in  the  water  with  the 
varying  temperatures  and  kept  there  for  different  intervals  of  time, 
as  is  indicated  in  Table  VII.  In  each  test  a duplicate  series  was  al- 
ways made,  i.  e.  using  two  packages  of  100  seeds  each.  The  per  cent 
of  germination  in  each  case  expresses  the  average  taken  from  each 
duplicate  series.  After  each  treatment  seeds  were  placed  in  sterilized 
petri  dishes  containing  moistened  filter  paper  which  had  been  pre- 
viously sterilized  by  being  placed  in  boiling  water  for  two  minutes. 

After  placing  the  seeds  in  the  petri  dish  more  sterile  water  was 
added  in  order  to  secure  the  amount  of  moisture  necessary  for  ger- 
mination. The  plates  were  then  placed  in  the  incubators  for  10  days, 
observations  being  made  every  two  days.  The  resuR  of  the  experi- 
ment is  given  in  Table  YII. 


TABLE  Vll 


Jioaqo 

. 

CO 

b£ 

rv. 

I-*  ^ 

nin  oz 

ON 

U)  I-I 

no 

0 09 

uijv  91 

3 

M 

e.^  ^ 

no 

tniV  OT 

o 

b£ 

yes 

nilM  O: 

o 

ca 

M 

no 

a 

o 

uiK  ST 

<N 

M 

>r.  Li 

no 

O 

I-N. 

«tIM  OT 

*/c 

M 

Ifi  U 

no 

uxi\[  9 

o 

M 

1-^  if-  u 

no 

uiIM  OZ 

- 

s 

M 

no 

nxK  9T 

(N 

» 

M 

^ Z.  X 

no 

u 

IHIM  OT 

oo 

s 

M 

^ X X 

no 

O 

CO 

uxi\:  S 

o 

Et 

M 

L ^ X 

no 

uxiV  S 

rr 

b£ 

M 

^ X 

no 

nxi'C  e 

lO 

b£ 

M 

^ Q.'^'X 

no 

uiK  Sc 

c 

i 

^ Z.’^‘  X 

no 

KiIV  OZ 

O 

1 

^ xr: 

no 

tiflM  9T 

o 

1 

^ C-  ^ 

no 

uiK  OT 

o 

1 

i_  ^ - 

no 

u 

nilM  t-T 

o 

1 

L ^ 

no 

o 

O 

C^ 

«fIM  n 

o 

1 

M 

U 

no 

«fIM  OT 

o 

j 

L 

no 

iMK  s 

o 

j 

A 

L ^ 

no 

IMIV  e 

o 

1 

X 

L 

nO 

«fl\[  T 

o 

X 

a- 

no 

uiK  e 

o 

j 

X 

^ - L X 

no 

xxilV  £ 

o 

j 

X 

^ c. 

no 

'A 

U!I^:  ^ 

= 

1 

X 

h 

V 

r 

s 

no 

u^I^;  T 

= 

i 

X 

^ - L X 

no 

33S  Z£ 

1 

X 

U 

no 

z 

03S-9I 

= 

i 

X 

'’-  X X 

no 

03S  S 

■f 

X 

z. 

no 

o 

o^S  1- 

r-i 

fc£ 

X 

V)  X X 

no 

33S  Z 

3 

tt 

X 

L -> 

partial 

T 

3 

tt 

X 

1- 

partial  * 

Time  Healed 

Per  Cent  of  5eed 
(ierminaliou 

Jah*re  of  (Growth  of 
the  Germinating- 
Seeds 

lehavior  of  the  Non- 
(iermiiiated  Seeds 

X 

1>  X 

w 5 2 

0 ^.5 

3j  tr'  C 
i-  'fi  T" 

^ 0 S 

cl  C 

Treatment 
Successful  or  Not 

c 


a 

H 

o 


o 

.2  I 


^ bi 


76 


From  Table  VII  it  is  seen  that  of  all  the  temperatures  tried, 
placing  the  seeds  in  boiling  water  for  one  or  two  seconds,  seems  to 
offer  only  little  promise  of  success. 

Placing  the  seeds  in  water  of  90°  C.  for  one  minute  insures  a 
somewhat  higher  per  cent  of  germination.  However,  the  growth  of 
seedlings  seems  to  l)e  weaker  than  either  checks  or  those  boiled  for 
one  or  two  seconds. 

The  series  treated  with  water  at  temperatures  of  80°  C.,  70°  C., 
and  60°  C.  did  not  meet  our  expectations  of  success.  However,  these 
results  ai'c  not  final,  as  they  simply  open  up  a line  of  investigation 
for  the  future. 

Effect  of  the  Sulphuric  Acid  Treatment  on  Seed.  Historical. 
l\ostrupi33  was  one  of  the  first  investigators  to  use  sulphuric  acid 
on  hard  seed  in  order  to  hasten  germination.  Todar0i34,  while 
working  independently,  found  that  concentrated  sulphuric  acid 
of  a density  of  1.81  acted  upon  hard  seeds  of  many  leguminous  plants, 
rendering  them  capable,  of  prompt  germination.  Thornbeiyg.,,  too, 
found  that  when  certain  seeds  are  treated  with  sulphuric  acid,  their 
germination  was  hastened.  Sehneider-Orellii33  also  found  the  sul- 
l)hurie  acid  treatment  of  value  in  hastening  the  germination.  Bolleyi.,. 
also  found  sulphuric  acid  to  benefit  the  germination  of  seeds.  In  1912 
Love  and  Leighty^gs  also  found  the  same  general  beneficial  results  on 
germination  of  seeds  treated  with  sulphuric  acid. 

]\ly  object  in  treating  sweet  pea  seeds  with  srdphurie  acid  was  to 
find  out  its  effect  on  germination,  and  as  a irreventive  means  ir,  de- 
stroying all  possible  adhering  spores  of  pathogenic  organisms.  The 
method  was  to  place  the  seeds  to  be  treated  in  glass  receptacles  and 
then  to  cover  the  seeds  with  pure  suli^huric  acid.  The  time  of  treat- 
ment was  five  minufes,  fifteen  minutes,  oue-half  hour,  one  hour  and  one 
and  a half  hours.  After  the  treatment  the  acid  was  poured  off  and 
the  glass  receptacle  Avas  put  under  running  tap  Avater  for  five  min- 
utes and  then  rinsed  three  times  in  sterilized  water.  After  that  the 
seeds  were  placed  on  moist  filter  paper  in  petri  dishes,  and  the  latter 
Avere  put  in  the  incubator  for  ten  days.  A series  of  untreated  seeds 
were  also  run  as  cheeks. 

The  results  obtained  from  the  seeds  treated  five  minutes,  fifteen 
minutes  and  one-half  hour  AA-ere  practically  the  same,  i.  e.,  in  each 
case  the  percentage  of  germination  Avas  much  higher  in  the  treated 
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seeds  ■than  in  the  checks.  In  the  former  the  percentage  of  germination 
ranged  from  95%  to  100%,  while  in  the  later  it  ranged  from 
60%  to  85%.  The  seeds  treated  in  the  acid  for  one  hour  showed 
50%  injury,  and  the  li/^  hour  treatment  gave  only  2%,  germination. 

In  order  to  test  the  effect  of  sulphuric  acid  on  the  fungus  flora 
of  the  seeds,  10  cc  of  the  acid  was  put  in  test  tubes,  and  the  latter 
were  inoculated  heavily  with  spores  of  Glomerella  rufomaculans  and 
allowed  to  stand  for  five  minutes,  fifteen  minutes,  half-hour  and  one 
hour.  Transfers  of  the  treated  spores  were  made  by  means  of  a loop 
into  melted  tidies  of  agar.  These  were  well  shaken  and  poured  into 
petri  dishes,  cooled,  and  placed  in  an  incubator.  Check  cultures  were 
also  run  by  using  untreated  spores  transferred  directly  into  agar.  In 
three  days  the  check  plates  all  showed  a vigorous  growth  of  a pure 
culture  of  the  fungus  where  none  of  the  series  of  the  treated  spores 
showed  signs  of  germination  even  after  eight  days.  This  proves,  then, 
that  sulphuric  acid  can  he  used  with  advantage  in  treating  seed  both 
to  increase  the  per  cent  of  germination  and  also  'to  kill  all  spores 
which  adheres  to  the  seed  coat. 

FormahleJiyde  Treatment  of  Seed.  The  method  em])loyed  here 
was  the  same  as  for  the  sul[)huric  acid.  The  .strength  used  was  5%, 
and  the  time  of  treatment  was  five  minutes,  fifteen  minutes,  half  hour, 
one  hour  and  one  and  a half  hours.  It  was  found  that  the  one  and  a 
half  hour  treatment  seemed  to  have  reduced  the  percentage  of  germin- 
ation, whereas,  all  the  other  treatments  did  not  affect  in  any  way  the 
germination. 

Where  there  was  no  injury  apparent,  the  formaldehyde  treatment 
did  not  seem  to  help  the  germination  of  the  seeds  as  did  the  sulphuric 
acid.  However,  it  no  donbt  helps  to  kill  the  adhering  fungus  spores 
of  the  seed  coat.  This  latter  advantage  makes  the  formaldehyde 
treatment  a valuable  preventive  means. 

TREATMENT  OP  SOILS  WITH  CHEMICALS 

The  object  of  this  treatment  was  to  determine:  1,  the  effect  of  the 
treatment  on  the  growth  of  the  plant  and  its  resistance  to  disease ; 
2,  the  effect  on  the  soil  flora ; and  3,  the  effect  on  the  nitrogen  content 
and  ammonifieation.  The  method  employed  was  to  sow  50  seeds  in  a 
pot  (18  pots  in  all)  ; the  soil  employed  was  unsterilized  light  garden 
learn. 
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The  chemicals  and  the  strengths  used  ai'e  indicated  in  Table  VIII. 
Aftei'  the  seed  had  germinated  and  the  jilant  had  attained  three  inches 
in  height,  I began  to  water  them  twice  a week  with  the  resi:)ective 
chemicals.  The  checks  were  treated  with  distilled  water.  The  experi- 
ment was  rnn  for  two  seasons,  in  each  case  np  to  the  flowering  time 
of  the  host. 

The  resnits  of  the  first  season  are  not  indicated  in  Table  VIII 
because  with  one  exce])tion  as  stated  below  there  was  no  apparent  dif- 
ference between  the  treated  and  the  check  plants.  During  the  first 
season,  the  Ireatment  did  not  affect  in  any  way  the  fnngns  or  bac- 
terial flora  of  the  soil.  Doth  treated  and  check  plants,  before  the 
close  of  the  first  season,  were  inoculated  with  spores  of  Glomerella 
rufomaculans.  But  both  lots  gave  about  the  same  percentage  of  in- 
fection. This  cleai'ly  indicated  the  wondei'ful  power  of  the  soil  to 
al)soi'b  minei'al  poisons  and  to  fix  them  in  such  a way  as  to  make  them 
hai'inless  to  plant  gi’owth.  Ordinarily,  neither  plant,  fungi,  nor  bac- 
teria could  grow  in  a solntion  of  1-1000  copper  sulphate,  for  instance. 
However,  when  this  same  solntion  is  applied  to  the  gi'owing  plants 
llu-ongh  the  soil,  the  latter  fixes  it  so  that  the  plants  continue  their 
gi‘owth  and  i“each  maUu'ity  as  they  would  if  the  copper  sulfate  were 
not  thei'e.  The  same  holds  true  for  the  soil  flora. 

The  oidy  injury  apparent  to  the  plants  during  the  first  sea- 
son’s trial  was  on  the  series  watered  with  1/100  MnSO^.  Altho  grow- 
ing fairly  well,  these  plants  were  seen  to  lose  their  chloi'ophyll  at  an 
early  date.  Theso  plants  died  just  before  blossoming,  and  at  that 
stage  they  were  white  with  no  ti'ace  of  chloroidiyll. 

The  results  obtained  from  the  second  season’s  growth  are  tab- 
idated  in  Table  VIII. 

In  order  to  determine  the  effect  of  the  diffei'ent  chemical  treat- 
ments on  the  soil  flora,  the  method  em])Ioyed  for  isolating  the  organ- 
isms was  the  same  as  that  recommended  by  Prof.  T.  F.  Manns^gg. 
Plates  containing  1/1000  and  1/10,000  of  a gram  of  soil  was  made. 
Two  kinds  of  media  were  used  for  this  purpose,  the  composition  of 
which  is  given  in  Table  VIII.  The  media  marked  XXI  is  purely  syn- 
thetic and  is  of  value  in  bringing  out  the  azotofiers.  It  is  also  valuable 
in  bringing  out  the  bacterial  flora  of  a soil  and  in  keeping  down 
the  saprophytic  fungi.  Medium  II  on  the  other  hand,  is  more  likely 
to  bring  out  the  fungus  growths  and  to  keep  in  cheek  the  bacterial 


. 79 

flora.  The  nitrogen  was  determined*  according  to  the  Kjeldahl 
(modified)  methodi40. 

Ammonifieation  was  determined  by  inoculating  100  cc  of  nutrient 
broth  containing  one  gram  of  peptone  with  1 cc  of  an  infusion  made 
by  shaking  10  grams  of  soil  in  100  cc  of  water. 

From  Table  VIII  we  see  that  the  results  obtained  vary  consid- 
erably, especially  during  the  first  six  days,  which  more  nearly  rep- 
resents the  ammonifying  power.  Under  copper  sulphate  for  instance, 
1/1000  killed  70%  of  the  seedlings  and  the  growth  of  the  latter  was 
cpiite  stunted.  The  average  number  of  bacteria  per  gram  of  soil  was 
also  less  when  compared  to  the  checks,  whereas  there  was  an  actual  in- 
crease in  the  nitrifiers,  which  resulted  in  an  increase  of  total  nitrogen 
and  ammonia.  On  the  other  hand,  copper  sulphate  1/3000  produced 
stimulation  in  plant  growth ; there  did  not  seem  to  he  an  appreciable 
decrease  in  the  general  bacterial  flora,  hut  there  was  a resultant  de- 
crease of  ammonifiers.  Again,  under  Ilg  CU  1/2000,  the  result  was 
a killing  of  all  the  seedlings,  hut  an  increase  in  the  bacterial  flora  as 
well  as  nitrification  and  ammonifieation.  llg  CL  1/4000  gave  stimula- 
tion in  plant  growth,  soil  flora,  and  in  ammonifieation. 

Table  VIII  is  extremely  interesting,  as  it  opens  up  so  many  new 
phases  in  soil  biology,  soil  bacteriology,  and  in  plant  pathology. 

STUDIES  OF  THE  FUNGICIDAL  VALUE  OF  SOME 
CHEMICAL  POISONS 

Those  who  are  actively  engaged  in  the  study  of  methods  of  con- 
trol in  plant  disease,  will  readily  realize  how  uncertain  it  is  to  depend 
upon  field  methods  alone.  In  order  to  test  out  the  value  of  a fungi- 
cide the  only  method  used  consisted  in  spraying  the  particular  plant 
to  be  treated,  with  that  fungicide,  and  of  noting  results.  AVith  such 
a method  one  works  in  the  dark.  Aloreover,  a great  deal  of  time  is  lost, 
because  each  trial,  or  each  modification  of  a trial  means  one  season 
of  growth.  In  1910  Retldick  and  AUallacei^i  worked  out  a quick 
method  of  determining  the  efficiency  of  a certain  spray  material.  In 
brief,  the  method  is  as  follows : 

The  fungicide  to  be  tested  is  sprayed  on  a clean  slide  with  an 
atomizer.  It  is  then  allowed  to  dry  in  order  to  permit  any  chemical 

*Mr.  Paul  Emerson  under  the  direction  of  Prof.  Manns  carried  out  this 
phase  of  the  work. 
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changes  to  occnr  that  are  likely  to  be  induced  by  exposure  to  atmos- 
pheric conditions.  It  is  supposed  that  the  same  chemical  changes 
which  take  place  on  the  leaf  previous  to  infection  also  take  place  on 
the  slide  in  the  laboratory  before  the  spores  are  placed  to  germinate. 
This  more  nearly  duplicates  natural  conditions,  and  the  results  at 
time  of  germination  jiraeticaly  indicate  the  relative  fungicidal  value 
of  the  chemical  tested.  AVhen  thoroughly  dry,  each  slide  is  placed  in 
a petri  dish  containing  enough  water  to  keep  the  air  well  saturated. 
Spores  of  the  particular  fungus  which  we  wish  to  control  are  mixed 
in  water,  and  droi)s  of  this  water  are  placed,  with  a dropper,  on  the 
treated  slide.  The  petri  dish  is  now  covered  and  24  hours  are  allowed 
tor  the  spores  to  germinate.  The  inhibition  of  germination  of  all  the 
si^ores  in  the  drops  placed  on  the  slide  indicates  the  value  of  the  fungi- 
cide. While  the  method  al)ove  described  is  excellent,  it  nevertheless 
has  its  drawl)aeks.  We  know  that  in  practice  we  do  not  spray  our 
plants  every  day,  l)ut  this  is  usually  done  every  three  or  four  weeks. 
The  method  employed  by  Reddick  and  Wallace  cannot  account  for 
the  fungicidal  value  of  a certain  spray  material  during  the  two  or 
three  weeks  from  the  time  of  its  first  application.  In  my  stiidies  I have 
supplemented  tliis  deficiency  by  the  following  method.  While  adopting 
the  method  used  by  Reddick  and  AVallace  of  applying  the  fungicide 
and  of  drying  the  slide,  1 have  woi'ked  out  the  following  modifications. 
Instead  of  si)raying  only  a few  slides  and  of  inoculating  them  at  once, 
I have  sprayed  some  fifty  slides  at  one  time  with  each  chemical. 
These  slides  were  all  dried  and  divided  into  diffei’ent  lots.  Lot  I was 
used  for  germination  at  once,  lot  2 used,  say,  after  an  interval  of  one 
week,  etc.  This  method  allows  the  time  element  to  have  its  full  effect 
on  the  fungicide  concerned,  and  each  germination  test  definitely  indi- 
cated whether  that  fungicide  deteriorates  rapidly  or  not.  The  fungi- 
cide which  ju'eserves  its  germicidal  value  the  longest  is  probably  of 
the  greater  economical  value.  The  fungicides  tested  and  the  strengths 
used  are  indicated  in  Table  IX. 

It  will  he  seen  from  the  above  table,  that  copper  sulfate  at  the 
strength  of  l/IOO  up  to  1/500,  and  potassium  permanganate  %%  up 
to  3%  completely  inhibited  the  germination  of  the  spores  of  Glom- 
erella  rufomaculans  for  nearly  two  months.  On  the  other  hand,  lime 
sulphur  1/10  up  to  1/50  gave  most  unsatisfactory  results  from  the 
very  first  test,  and  its  fungicidal  value  rapidly  weakened  with  age. 
This  was  still  more  evident  with  the  “Sulphurated  Potassium”  also 
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known  as  “Liver  of  Siilplinr. ’ ’ Lime  sulpluir  is  a valuable  fungicide 
in  controlling  apple  scab  (Ventnria  inequalis)  and  sulplmrated 
potassium  is  a valuable  fungicide  in  controlling  mildew  (Oidium  sp.), 
but  evidently  these  two  fungicides  are  of  no  valne  in  the  control  of 
the  sweet  pea  anthracnose.  On  the  other  hand,  copper  sulphate  and 
potassium  permanganate  both  })rove  very  toxic  to  the  spores  of  the 
anthracnose.  The  next  step  therefore,  was  to  test  all  the  strengths 
used  of  these  two  fungicides  by  sjiraying  them  on  sweet  pea  plants  in 
field,  and  by  watching  to  see  if  these  poisons  produced  burning  of  the 
leaves  and  stems.  Copper  suli>hate  at  the  strengths  of  1/100,  1/200, 
1/300,  1/400  and  1/500  all  burned  the  leaves  of  the  sweet  j>ea.  lienee 
while  the  above  strengths  i)0ssess  valuable  germicidal  properties  their 
use  upon  the  sweet  pea  is  prohibitive.  This  means  that  weaker 
strengths  are  to  be  tiled  nntil  the  proper  limit  is  reached,  i.  e.  the 
limit  which  does  not  decrease  the  germicidal  value  of  the  copper  sul- 
fate and  which  does  not  produce  injury  to  the  plant.  This  we  intend 
to  carry  on  further  in  the  future.  Potassium  permanganate  %%  up 
to  3%  does  not  produce  any  injury  to  the  plant  whatsoever.  As  a 
matter  of  economy,  therefore,  Vh%  of  potassium  permanganate  proves 
a valuable  fungicide  in  the  control  of  the  sweet  pea  anthracnose.  It 
should  be  aiiplied  to  the  ])lant  not  oftener  than  it  is  washed  off  by 
rain.  The  method  can  be  used  in  testing  out  an  endless  number  of 
chemicals  and  there  is  no  doubt  that  a good  many  will  prove  valuable 
additions  to  our  list  of  fungicides. 

Soil  Treatment  in  the  Greenhouse 

Growers  who  are  troubled  with  Rhizoctonia  or  Pusarium  in  their 
greenhouse  beds,  will  find  the  following  directions  valuable^^a- 

STEAM  STERILIZATION 

“The  preventive  method  which  promises  best  results  to  those  who 
have  the  convenience  for  applying  it  is  that  of  sterilization  of  the  seed 
beds  by  steam. 

“In  addition  to  the  killing  of  the  fungus,  this  method,  in  com- 
mon with  surface  firing,  to  be  described  later,  has  several  advantages 
over  formalin  treatments.  The  weed  seeds  in  the  soil  are  very  largely 
killed,  and  this  alone,  according  to  the  testimony  of  the  farmers  who 
have  used  sterilization,  pays  for  the  cost  of  treatment,  as  the  beds  do 
not  have  to  be  weeded  and  thus  a large  amount  of  hand  labor  is  ob- 
viated. The  physical  texture  of  the  soil  is  altered  by  the  heat  and 


made  more  suitable  to  root  development  and.  moreover  c-onsid-rrable 
plant  food  is  made  direcTly  available  to  the  see'iiings.  Fartnermore. 
the  heating  of  the  soil  just  before  so^ng  in  the  sjjring  uas  an  ap- 
preciable effect  in  starting  the  see'iiings  off  'guichly. 

"With  the  elimination  of  the  fung'.is  it  is  possible  to  employ 
those  methods  forcing  the  plants  by  extra  fertilization,  increased 
watering,  and  higher  temperature  which  wouii  otherwise  be  unsafe 
as  favoring  the  development  of  the  root-rot  rungus. 

"Ot’diiiory  grttiii'ous^  oi'zihod — Tne  meth'j'i  ot  sterilizatt'tn  to 
be  used  will  depend  to  some  -rxient  on  the  siz-.  tne  location,  and  the 
permanency  of  be'is  and  the  cost  of  application. 

■ ■ The  method  in  g-neral  use  for  the  st-rilization  of  soil  in  grern- 
house  benches  might  advantageously  be  employe'!  in  beds  tnat  are 
to  be  used  year  after  year  without  change  of  location,  as  the  e-riuip- 
ment  would  be  more  or  less  permanent.  This  consists  in  placing  one 
foot  below  the  surface  of  the  soil  a system  of  pipes  which 

are  perforated  with  1 4-inch  holes  on  their  un'ier  side  at  iuteiu'als  of 
6 inches  throughout  their  entire  length.  The  pipes  shoubd  imn 
lengthwise  of  the  bed.  1?  inches  apart,  an'd  be  connected  with  a steam 
boiler  capable  of  producing  rO  to  100  pounds  pressure.  Before  treat- 
ment the  soil  should  be  thoroughly  spaded  up  and  pulverized  to  permit 
ready  access  of  the  steam  to  all 'parts,  and  all  fertilizers  should  be 
applied  at  this  time. 

"The  bed  to  be  treated  should  be  coverc'i  with  several  thicknesses 
of  old  burlap  or  blankets  to  contine  the  heat  to  the  soil  The  steam 
should  be  applied  at  a pressure  of  SO  to  100  potui'is.  as  at  a high 
pressure  it  is  much  drier  and  the  soil  is  not  wet  as  much  as  when  low- 
pressure  steam  is  used.  A treatment  of  from  one  to  two  hottrs  is 
usually  sufficient  to  thoroughly  sterilize  the  sell  to  a depth  of  IS  inches. 
A few  potatoes  laid  in  the  surface  will  iu'iicate  the  thor'vaghiiess  of 
the  treatment  by  the  degree  to  which  they  are  cooked.  The  blankets 
might  advantageously  be  left  on  for  some  time  to  make  the  treatntent 
more  thorough. 

"While  this  method  offers  some  a'dvantages  for  seed  beds  'tf  lim- 
ited area,  in  that  the  pipes  may  be  left  in  the  grouu'i  an'd  used  year 
after  year  with  little  extra  labor  and  may  also  be  used  for  subirriga- 
tion. the  initial  cost  of  installation,  especialy  on  large  seed-bed  areas, 
may  be  prohibitive. 
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^'Inverted-pan  method.  Tlie  method  which  has  given  the  best  re- 
sults in  practice,  and  which  because  of  its  simplicity  and  small  cost 
recommends  itself  for  use  on  large  or  small  areas,  is  the  invention  of 
Mr.  A.  D.  Shamel,  of  the  Bureau  of  Plant  Industry,  and  was  devised 
by  him  to  sterilize  nematode-infested  soils  in  Florida.  The  apparatus 
consists  of  a galvanized  iron  pan,  6 by  10  feet  and  6 inches  deep,  which 
is  inverted  over  the  soil  to  be  sterilized  and  the  steam  admitted  under 
pressure.  The  pan  is  supplied  with  steam  hose  connections,  has 
sharp  edges,  which  are  forced  into  the  soil  on  all  sides  to  prevent  the 
escape  of  steam,  and  is  fitted  with  handles  for  moving  it  from  place  to 
place,  the  weight  of  the  entire  pan  being  not  over  400  pounds. 

“The  soil  is  prepared  as  in  the  greenhouse  method,  a few  potatoes 
being  buried  at  a depth  of  a foot  to  gauge  the  degree  of  heat  attained. 
A soil  thermometer  may  also  be  used  if  desired.  The  steam  should  be 
kept  at  as  high  a pressure  as  possible,  80  to  100  pounds  being  best, 
and  the  treatment  should  continue  for  one  to  two  hours,  depending  on 
the  pressure  maintained.  In  experiments  conducted  in  the  spring  of 
1907,  one  hour’s  steaming  at  80°  C.  under  100  pounds  pressure  gave 
best  results  in  killing  both  the  fungus  and  the  weed  seeds.  When  one 
section  of  the  bed  is  treated  the  pan  is  lifted  and  carried  to  an  un- 
sterilized portion  and  the  operation  repeated  until  the  entire  bed  is 
steamed. 

FORMALDEHYDE  STERILIZATION 

“The  use  of  a formalin  soliTtion  for  the  sterilization  of  green- 
house soil  against  Rhizoetonia  has  been  in  vogue  for  some  time  with 
excellent  results,  and  furnishes  a very  simple  means  of  combating  the 
root-rot.  The  method  is  as  follows : The  beds  are  thoroughly  pre- 
pared the  same  way  as  for  the  other  methods  of  sterilization  described 
and  are  then  drenched  with  a formalin  solution  composed  of  1 part 
of  commercial  formalin  to  150  to  200  parts  of  water,  three-fourths 
to  1 gallon  of  this  solution  being  used  to  the  square  foot  of  bed  space. 
The  solution  should  be  put  on  with  a watering  pot  with  a hose  and 
distributed  as  evenly  as  possible  over  the  bed,  so  as  to  thoroughly  wet 
the  soil  to  the  depth  of  a foot.  It  will  in  most  eases  be  necessary  to 
put  this  solution  on  in  two  or  three  applications,  as  the  soil  will  not 
take  in  this  quantity  of  water  immediately.  The  beds  should  then  be 
covered  with  heavy  burlap  or  a tarpaulin  to  keep  in  the  fumes  for  a 
day  or  so,  and  then  aired  for  a week  before  sowing  the  seed. 
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“Spring  applications  of  formalin  are  open  to  the  following  ob- 
jections: The  addition  of  sneh  a large  quantity  of  water  to  the  soil 
keeps  it  wet  and  cold  for  some  time  lojiger  than  would  naturally  be 
the  ease,  thus  delaying  germination  as  well  as  subsequent  growth ; the 
necessity  of  airing  the  beds  to  remove  the  formalin  fumes  and  to  allow 
the  soil  to  dry  out  also  causes  delay  in  seeding.  To  obviate  this  dif- 
ficulty the  beds  should  be  treated  in  the  fall,  before  freezing  weather 
sets  in.  In  this  case  a stronger  solution,  1 to  100,  may  well  be  used, 
as  there  will  of  course  be  no  danger  then  of  injuring  the  seedlings.” 

SUMMARY 

1.  It  has  been  shown  that  the  sweet  pea  is  subject  to  a number  of 
diseases. 

2.  The  following  classes  of  diseases  have  been  investigated : 
I.  Fungous;  II.  Bacterial;  III.  Physiological;  IV.  Animal  or  In- 
sect Pests. 

3.  Contrary  to  the  statements  of  Massee  and  Chittenden,  Thiel- 
avia  basicola  does  not  produce  the  “streak,”  but  produces  only  a root 
rot  of  the  sweet  pea. 

4.  The  pathogenic  nature  of  Corticium  vagum  B.  & C.  has  been 
established. 

5.  Chaetomium  spiroehaete  has  been  shown  for  the  first  time  to 
be  a plant  pathogen,  and  especially  to  produce  a root  rot  of  the  sweet 
pea. 

6.  A new  Fusarium  root  disease  has  been  described,  and  the  name 
Fusarium  lathyri  Taiibenhaus  has  been  given  to  the  fungus,  and  its 
pathogenicity  established. 

7.  Of  the  Animal  parasites  the  eel  worm  (Ileterodera  radicicola) 
has  been  shown  to  produce  a root  gall  disease  of  the  sweet  pea.  The 
disease  is  carefully  described.  The  eel  worm  has  also  been  shown  to 
open  the  way  to  the  attacks  of  several  fungous  diseases. 

8.  Sclerotinia  libertiana  has  been  shown  for  the  first  time  to  pro- 
duce a collar  rot  as  well  as  a stem  disease  of  the  sweet  pea. 

9.  Studies  on  the  mildew  of  the  sweet  pea  have  shown  the  disease 
to  be  very  in-evalent  under  greenhouse  conditions  as  well  as  out  of 
doors.  The  cause  of  the  mildew  is  a species  of  Oidium.  Observations 
up  to  date  have  failed  to  reveal  the  perfect  stage  of  the  fungus. 
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10.  Extended  studies  and  cross  inoculations  have  definitely  proven 
that  the  anthracnose  disease  of  the  sweet  pea  and  the  bitter  rot  of  the 
apple  are  cairsed  by  the  same  fungus  Glomerella  rufomaculans. 

11.  It  has  been  also  proven  that  the  following  pathogens,  namely, 
Gloeosporium  gallarum  from  oak  gall,  Gloes.  diospyri  from  persim- 
mon fruit,  Gloe.  officinale  from  the  Sas.safras,  Colletotriehum  nigrum 
from  the  pepper  i^lant,  Colletotriehum  phomoides  from  the  tomato, 
appear  to  be  identical  and  the  same  as  Glomerella  rufomaculans,  since 
they  can  all  produce  the  anthracnose  disease  of  the  sweet  pea  and  the 
bitter  rot  of  the  apple.  Cross  inoevdations  would  no  doubt  reduce  the 
great  number  of  our  so-called  different  species  of  Gloeosporiums. 

12.  The  mosaic  has  been  shown  for  the  first  time  to  produce  a dis- 
ea.se  on  the  sweet  pea.  The  pathogenicity  and  the  infectious  nature 
of  the  disease  have  been  clearly  demonsti-ated.  Exceptions  are  taken 
with  Woods  that  the  disease  is  of  a physiological  nature  but  that  it  is 
induced  by  either  bacteria  or  protozoa  which  neither  our  microscope 
nor  our  present  method  of  staining  are  able  to  detect.  Insects  and 
especially  the  green  aphids  seem  to  be  the  main  carriers  and  distrib- 
utors of  the  disease. 

13.  Manns  and  Taubenhaus  have  definitely  proven  that  the 
“streak”  di.sea.se  is  caused  by  Bacillus  lathyri  M.  & T.  and  not  by 
Thielavia  basicola  as  previously  believed  by  Massee  and  Chittenden. 

Id.  Bud  Di'op  in  one  form  is  here  shown  to  be  induced  by  a high 
nitrogen  supply  not  pi’operly  balanced  by  phosphoric  acid  and  pnt- 
a.sh ; l)y  addition  of  the  latter  the  trouble  is  quickly  corrected.  Ar- 
rested development  may  be  due  to  overtreatment  of  soil  with  wood 
ashes  the  treatment  being  too  caustic.  Such  an  error  may  be  corrected 
by  the  addition  of  acid  phosphate. 

15.  Under  methods  of  control  it  is  shown  that  no  one  variety  is 
immune  to  the  anthracnose  but  there  are  certain  individuals  in  each 
variety  which  are  more  or  less  immune  to  the  disease. 

16.  Boiling  the  seeds  for  one  or  two  seconds  destroys  the  .spores  of 
parasitic  fungi,  hut  commercially  the  treatment  is  not  applicable  on 
large  quantities  of  seed  at  a time. 

17.  Soaking  the  seeds  in  sulphuric  acid  for  five  minutes,  fifteen 
minutes  and  one-half  hour  increases  the  per  cent  of  germination  and 
at  the  same  time,  kills  all  the  spores  which  adhere  to  the  seed  coat. 
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18.  Soaking  the  seeds  in  a 5%  formaldehyde  solution  from  five 
minutes  to  one  hour  does  not  iinerease  nor  decrease  the  percent  of  ger- 
mination but  helps  to  kill  the  spores  vhieh  adhere  to  the  seed  coat. 

19.  Watering  soils  with  chemical  poisons  does  not  increase  the 
resistance  of  the  plants  which  are  grown  on  that  soil.  The  latter 
adsorbs  and  fijses  some  of  these  poisons  so  as  to  make  them  harmless 
to  plant  growth. 

20.  A new  method  has  been  devised  in  determining  the  length  of 
time  in  which  any  fungicide  can  remain  efficient  in  controlling  plant 
diseases  when  sprayed  on  the  plant  to  he  treated. 
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